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PREFACE 


I 


The portrayal of Islamic science which follows may surprise 
some readers both West and East, if for very different reasons. 
There can be no question as to the author's qualifications or 
his familiarity with our Western point of view. Seyyed Hossein 
Nasr, an Iranian by birth, breeding, and early education, also 
studied in Europe and graduated in physics from the Massa- 
chusetts Institute of Technology, where he developed in his 
undergraduate years a strong interest in the history of scien- 
tific thought as-I was teaching it. He went on then to Harvard 
for graduate studies in geology and geophysics, but soon de- 
cided to make history of science a career, and obtained a Ph.D. 
in the subject in 1958. He has been teaching it ever since at 
the University of Tehran. His Western background makes it 
all the more significant that we should find here the passionate, 
direct, and uncompromising statement of a modern Muslim, 
who deeply believes in the coming rebirth of his own civili- 
zation, 

His text is a new departure in many ways. Islamic culture is 
too often presented as the indispensable link between Antiquity 
and our Middle Ages, but the achievement of its historic ‘mis- 
sion is implied when it has handed on the texts and techniques 
of the Greeks. This is a way of turning a great civilization into 
a service department of Western history. It is the merit of 
Dr. Nasr to have shown convincingly that the mind and cul- 
ture of Islam embrace a far wider arc, and that the cultivation 
of the Greek heritage is only a phase in the development of 
an essentially independent thought. 

What is central in other histories becomes here incidental. 
The figure of Aristotle is commonly accepted as the great 
shaping influence of Islamic thought. He was for the Muslims 
*the Philosopher" par excellence, his systems and logical dis- 
tinctions harmonizing so well with their taste for encyclo- 
pedism and grammatical sharpness. Yet for the author, “phi- 
losophy” in that sense remains a foreign body, and Aristotle 
is shipped back unceremoniously to the West where he be- 
longs, together with Averroes, his greatest disciple. 
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The fact is that for Dr. Nasr Islamic thinking is still pro- 
foundly alive, and Aristotle only a monument of the past. No 
Neo-Thomist nostalgias here. If there is something enduring, 
an immortal spirit in Muslim thought, it is, in the mind of 
Dr. Nasr, to be found in its retreat from the rationalizing and 
secular attitude of Hellenistic tradition—in its retreat even 
from the trials and tumult of history—to become more fully 
conscious of its own vocation as a Near Eastern religious com- 
munity. If Greek thought had fueled the phase of splendor 
and expansion, there is a further phase which to the outside 
(critical) historian may look like stagnation and squalid decay, 
but seen from the inside may reveal itself as a maturing of 
consciousness, the moment of spiritual insight and timeless 
hikmah (wisdom) to replace time-bound discursive philosophy. 
And indeed in Islam we see, from the time when it recedes 
from the forestage of history, the growth of an imposing new 
metaphysics which took the name of Sufism, in which the 
Greek Neoplatonic element inspires the unitary vision of Jus- 
tice, Harmony, and controlled Order extending to the whole 
cosmos and reflecting back on man's life. 

From the earliest beginnings of Near Eastern thought, the 
cosmos is regarded as a unified entity which embraces the 
whole of being; so that human societies have to reflect the 
divine rulership. This is what endures. Islamic philosophy 
makes its way through Greek science, through the emanations 
and intelligences of Plotinus, to concentrate upon the one 
divine principle from whom all being is derived, in whose 
overwhelming Presence all reality is dissolved into the “world 
of similitude,” all conscious existence becomes a Surrender— 
islam. Directly from that Presence issues the Prophet, the 
“Cosmic Man,” and what he institutes is as complete and 
immovable as the Cubic Stone of the Kaaba. 

This is the vision, and it implies a complete order and 
hierarchy in the Universe, from the ninth heaven to the rock - 
buried deep in the earth, and that order is reflected in the law 
and the order of society. As temporal justice and tangible 
society decay beyond repair, the mind of the sage retreats 
into the invisible order entrusted to God’s chosen ones, the 
unknown Saints in their hierarchy, ever headed by the mystical 
Pole, the Qutb, who still protect the Community of the Faith- 
ful. Thus the four-square integrity of the whole remains in- 
variant, but with the passing of time a growing part of it is 
removed from the visible to the suprasensible realm. Dr. Nasr 
has shown that the withdrawal begins, not with the fracturing 
of the political body of Islam, but before it, in the midst of the 
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golden age of success, before the ascendancy of the meta- 
physical doctrines of Sufism. The change belongs thus to the - 
intrinsic nature of the Community, and a unitary evolution is 
seen over the whole arc of time to the present. Something very 
similar occurred in the Christian West, if we are to believe 
so Roman Catholic a writer as Frangois Mauriac, who wrote 
that Christendom had been changing from a visible cathedral 
into a stellar system. 

This line of evolution is conceived as beginning very early 
in the life of the new faith, and continued right into our own 
times. It is the story of a thought which goes on forever inside 
an orthodoxy, and never breaks out sharply into secularism as 
has happened with us. This is also, we should add, what allows 
the religious ideas of. other Eastern cultures to converge into 
it through the centuries. The transition from the time-bound 
into the timeless, from reason to the suprarational, does not 
take place at one point either, nor does it coincide simply with 
political decay, as appears too often in the clichés about his- 
tory. It did not in the Near East any more than it did in An- 
tiquity. In showing the early thickening web of suprarational 
elements in ‘Umar Khayyam and Avicenna, Dr. Nasr has 
proved his thesis. 

One wishes only at times that he had not drawn so tight the 
web of orthodox piety as to leave in an uncomfortable and 
slightly alien position, along the course of time, men who 
stand out more clearly as representing the scientific temper. 
These men do not belong to the phase of withdrawal, but. to 
the phase of world leadership; they are good Muslims and true, 
and a glory of their civilization. Therefore, since this is a his- 
tory centered on science, I feel they should have been pre- 
sented in bolder relief. In al-Birüni, the greatest scientist of 
Islam, we meet a mind in no wise different from the Western 
lay scientific mind at its best. His religious faith is secure but 
carried lightly, without protestations. It does not impede his 
freedom of judgment, his love of fact, his free-wheeling curi- 
osity, his easy sarcasm, his strict and watchful cult of intel- 
lectual integrity. We recognize soon, in al-Birüni, the Scientist 
without qualifications as we mean him, as he has been under- 
stood again and again, and the same may be said of the other 
great men of his ilk—observers, experimenters, analysts, such 
men as Rhazes, Alhazen, al-Battani, Averroes. This is what 
the Islamic intellect was able to bring forth during the golden 
age, as well as later, and they surely need no apologies for their 
perhaps-a-shade-too-secular attitude, nor deserve the hint that 
they were out of step with their own culture. 
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In any case, they would have been equally out of step with 
the culture of our own Middle Ages. Let us then simply con- 
clude—and the author, who entertains such warm brotherly 
feelings for that culture, would certainly agree—that Islam has 
throughout retained medieval characteristics. It has-in fact 
reinforced them in the passing of time, returning to a science 
of the soul which almost blots out the science of nature. This 
will tell us why the pious clause, the unremitting reverence, 
the sensus eminentior, take a place in these texts which might 
seem excessive to the modern Western eye. The conciliation 
of many shades of thought, of many voices, in an intellectual 
harmony and a kind of inbred concordance was of the very 
nature of Islamic wisdom. But as in law, so in philosophy, it 
did not prevent organic differences from taking shape. The 
clauses of style of a civilization deeply imbued with orthodoxy 
and pious wisdom cannot but sound foreign and sometimes 
wearisome to us. On the other hand, of the intellectual ele- 
ments, very few will escape recognition to the Western mind, 
since they can, most of them, be traced back to the great 
Alexandrian melting pot. The conceptual elements of Islamic 
mysticism itself are to be found already in Neoplatonic litera- 
ture. The author sometimes seems to forget it. But it is his 
merit to have made us feel that they live a new and charmed 
life in the delicate fervor of Islamic piety. 


II 


Fervor cannot go without partisanship, and Dr. Nasr refers 
more than once with a touch of scorn to the “unilateral” 
quantitative character of modern science. Of that unilateral 
aspect we are only too sadly aware, but the way to overcome it 
has been more often discoursed upon than clearly marked. We 
hope that Dr. Nasr's treatment may do something toward dis- 
pelling the clouds. We all are ready to wish that someone 
could reveal to us how the merely quantitative element beclouds 
the “true relations"—TQqualitative, intuitive—which seem to 
shine forth in the activity of natura naturans; but it remains a 
wish. Beyond this wish there are staggering philosophical 
hurdles to be overcome. Science has forever been going the 
other way. Johann Kepler himself, a witness whom Dr. Nasr 
can hardly refuse, wrote: “As the eye for colors, as the ear for 
sounds, so the mind is made for grasping quantitative rela- 
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tions." He deeply believed in the virtues of Pythagorean magni- 
tudes, but he had come to the conclusion that the "Light of 
nature" only shines intelligibly on the strict mathematical 
plane. He would have answered Jàbir the alchemist with his 
numerology as ironically as he answered Robert Fludd, the 
master of Hermetic theosophy, who also claimed a hidden 
science of numbers and impulses issuing from nature herself. 

All in all, in passionately defending the essential wholeness 
and integrity of his culture down to modern times, Dr. Nasr 
is willing to lay himself open to doubt, but the issues he raises 
in our minds are so rewarding as to force our gratitude even 
when we disagree totally. 

Thus, the silence of later Muslim astronomy with respect to 
the Copernican system is in his mind the result of a considered 
choice, and a choice dictated by wisdom. “As long as the hier- 
archy of knowledge remained preserved and intact in Islam, 
and scientia continued to be cultivated in the bosom of sapien- 
tia, a certain limitation” of the physical domain was accepted 
in order to preserve the freedom of expansion and realization 
in the spiritual domain. “The wall of the cosmos was preserved. 
It was as if the old scientists and scholars foresaw that the 
breaking of those walls would also destroy the symbolic con- 
tent of the cosmos . . . and so, despite all the technical possi- 
bility, the step toward breaking the traditional world view was 
not taken." 

One might wonder whether the author is not making a virtue 
of necessity. He does not raise the question whether the condi- 
tion and prestige of Muslim astronomers from A.D. 1650 on, 
four centuries after al-Ghazzali had "saved orthodoxy by de- 
pressing science," would have allowed them to propose such 
a bold innovation without being lynched as Suhrawardi was. 
The simple fact is that they stayed put, and the author does not 
gloss over the consequences: that up to our days, the traditional 
curriculum of Muslim universities has gone on teaching 
Ptolemaic astronomy, embedded in a frame of geocentric 
cosmology and philosophy, with a “modern” system available 
as an option but presented as "hypothesis." This last is an 
ancient term, which means simply that it is separated from all 
its implications. Can “one modern system" be taught without 
the whole framework of modern science? Or does the student 
use its elementary schemes as quodlibeta to play with as 
against the theory of the equant? In what way does he preserve 
his intellectual integrity? 

These are questions the author leaves unanswered, but he 
allows them to stand out starkly in our mind. At least he stands 
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up for his past and does not throw it into the ashcan, as so many 
of his contemporaries do. Nor does he shun the confrontation 
with the West, as Muslims are often apt to do. With true 
brotherly feeling, as I said, he insists on the parallelism between 
the Muslim and the Christian Middle Ages, which seem to him 
to have expressed a common truth. But once the common 
frame has been set up, comparisons force themselves upon us. 
Copernicus and Kepler believed in cosmic vision and wholeness 
as much as any Muslim ever did, but when they had to face the 
“moment of truth” they chose a road which apparently was not 
that of sapientia: they felt they had to state what appeared to 
be the case, and that on the whole it would be more respectful 
of divine wisdom to act thus. In so doing, they did more than 
save science: they saved the intellectual integrity of generations 
to come, and with it our own civilization. The split between 
sapientia and integrity is one of the most disturbing issues of the 


: book. But that intellectual integrity should be claimed by no 


one as a privilege. Does Dr. Nasr think that al-Birüni would 
have behaved any differently from Copernicus and Kepler, had 
he lived in their time? All that we know of that sage tells us that 
he would not. The ideal of knowledge of the great Islamic 
astronomer was as exacting as theirs. But, even as happened in 
Greece, there came a time in Islam when science thought it 
could not take chances, that it had to yield to the "higher rea- 
sons" of philosophy. Here as there, it meant that irreparable 
change had set in; in both cases, historians have been largely 


' right in speaking of decadence and stagnation and squalor. In 


both cases, however, something was being born. In the West, 
it was that utterly new and startling thing, Christianity, brought 
in from the Near East. In Islam, it came from its own Eastern 
roots, closer to it than science had ever been: it was Sufism. As 
Christian Europe, already a thousand years old, opened itself 
to new secular adventures, Islam was closing in on its 


. Origins 


The decline of science inside a great culture is in itself a fas- 
cinating study and a terrible object lesson. We can find here the 
key, in the documents that allow us to judge for ourselves, of the 
showdown between Averroes and al-Ghazzali. Averroes speaks 
with the clarity and passionate honesty that we would expect 
of him, for here was the great Greek tradition at bay, whereas 
al-Ghazzáli's famous eloquence, undistinguished intellectually 
as it is, and to us ethically uninspiring, went to building up the 
whirlwind of intolerance and blind fanaticism which tore down 
not only science, but the very School system and the glorious 
ijtihdd, the Interpretation of the Quran. For giving us -those 
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documents straight, the author has earned our gratitude, for he 
well knows that we are bound to read them our own way. As 
we have said, his comments are as significant as the texts them- 
selves, since they show us the difference between two worlds. 
On one point only we would take exception: his likening of 
al-Ghazzàli to Aquinas. The two personalities, are not com- 
mensurable. If anything, al-Ghazzali’s chief argument that 
physical causes are not true causes, but only "occasions" for 
God's direct intervention, shows him to be, paradoxically 
enough, the counterpart of men like Malebranche in our world. 
But the great and candid mind of Malebranche knew how to 
turn "occasionalism" to a far different purpose: it provided, in 
fact, the starting-point for Leibniz's profound scientific innova- 
tion. Such are the strange ways of History. Yet certain con- 
stants remain universal. We can admire the insight of Alhazen, 
for all that he was a “mere” scientist: "Those who would de- 
stroy science are really undermining religion." It was curtains 
not only for science in Islam, but for sapientia as well, insofar 
as the term refers at all to this world. We shall notice that 
Avicenna himself was eventually branded with heresy. Only 
pure contemplative gnostic "illumination" remained intact. 

There is no doubt for us that after the age of the Almohades 
the creative vigor of Islam wanes in speculative thought as well 
as in poetry, and the Islamic way of life becomes a tenacious 
survival of something which had once been great, whole, and 
new. But it should be considered that while by that time the 
legal and theological structure of both the Sunni and the Shiite 
wings of that culture had been concluded and consolidated, the 
political issues were being deadened by the expanding 
hegemony of the Turks. The crumbling secular system could 
no longer hold men in line for great collective enterprises, but 
in lieu of it came the invisible, subtle, overall presence of the 
personal mystical experience. 

In fact, let me quote on the present thesis an appraisal by Sir 
Hamilton Gibb, than whom there is no one more qualified to 
speak on Islamic thought: 


Whence the mystical cosmology came and how it entered Sufi 
thought bas been set out for the first time by Seyyed Hossein 
Nasr in full and scholarly detail. Tt is almost a startling revela- 
tion that its foundations were laid by the philosophical schools 
of the *Golden Age," and that no other than Avicenna himself, 
the "second master" of Aristotelian philosophy, furnished it 
with its cosmological symbolism. That it was the heirs of Hel- 
lenistic culture who generated the final flowering of Illumina- 
tionist Sufism seems the greatest paradox of all. 
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This paradox, Sir Hamilton agrees, can only be explained by 
the working of an inner reason which worked toward a final 
elaboration of the central theme. 


GIORGIO DE SANTILLANA 


FOREWORD 


When Science and Civilization was published originally in 1968 
by the Harvard University Press, it was the first work in the 
English language to deal with the whole of Islamic science. Based 
on a century of scholarship by Western historians of science and 
Islamicists as well as the scholarship of Muslim scholars, the work 
sought to present Islamic science not as a chapter in the history of 
Western science, but as an integral aspect of Islamic civilization 
and the Islamic intellectual tradition. Since the book departed 
from the Western norm of studying the history of science, it faced 
criticism not only from many Western scholars imbued with the 
positivistic philosophy which has dominated the history of science 
in the West since Ernst Mach, but also from Westernized Muslim 
scholars, not to speak of the so-called fundamentalist Muslims 
who, while rejecting verbally Western thought, often accept 
scientism without the least resistance or critical examination. 
Nevertheless, the work has continued to be read extensively in 
both the Islamic world and the West. " 

Since its first printing, Science and Civilization in Islam has 
appeared not only in paperback in America but also in local 
editions in Pakistan and Malaysia. It has been translated into 
Italian and French and also Urdu and Persian, and it has incited 
a great deal of debate among Muslim thinkers concerned with the 
nature of Islamic science, how it should be studied and the relation 
between Islam and science in general. 

During the twenty years since its publication, a great deal of 
research has been carried out in certain fields of Islamic science. 
Later astronomy of the School of Maraghah is now much better 
known than when we wrote this work. Mamluk astronomy and 
astronomical activity in Yemen have become new fields of 
research. A number of important studies in early Islamic mathe- 
matics have added much to our knowledge of this central branch 
of Islamic science. Many new discoveries have been made in 
Islamic medicine and pharmacology especially of later centuries. 
A number of significant works have appeared in certain types of 
cosmology such as that of the early Isma ilis and also later philo- 
Sophical and mystical writers, while the whole relation between 
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Islamic science, philosophy and Sufism has received extensive 
attention by scholars especially those in the Islamic world. 

To write a new book on Islamic science would require 
integrating all such studies into a comprehensive work which we 
hope will be written one day. Likewise, the present book would 
need certain revisions in the sections dealing with the history of 
each discipline if it were to be re-written, but the general contour 
of the historical accounts remains valid. As for the conceptual 
framework and the ideas presented in this work concerning the 
meaning of Islamic science, methods to study it, the relation of 
Islamic science to other branches of Islamic thought, the place of 
science in Islamic education, the figure of the teacher, and the 
ultimate goal of knowledge, they have not changed for us as a 
result of the scholarship of the past two decades. On the contrary, 
our own research and what we have learned from the works of 
other scholars confirms even more firmly than before the 
perspective presented here and formulated when this book was 
first conceived some thirty years ago. We continue to stand by not 
only the translations and the choice of citations from various 
Muslim scientists and thinkers presented here, but also the con- 
. ception of Islamic science, its meaning and how it should be 
studied from within the Islamic perspective as developed in this 
book. 

During the past two decades, gradually a number of Muslim 
scholars and scientists have come to realize the gravity of the 
situation created by the blind emulation of Western science and 
technology, and many have awakened from the slumber of an 
earlier Muslim generation which did not perceive the dangers 
confronting the Islamic world and which continued to extol its 
own civilization solely on the basis of the fact that it had created 
ascience which had in turn contributed to Western science. Today 
many realize that Islamic science is not Islamic simply because it 
was cultivated by Muslims but because it is related to the 
principles of Islam. This group has become to an ever greater 
degree aware of the fact that Islamic science, although of great 
influence upon Western science, is another type of science of the 
natural domain than what today in the West is called science in an 
"absolute" sense. Such thinkers have begun to speak of the 
Islamization of knowledge and the creation of an Islamically 
oriented educational system within which science could be taught. 

The present book has played and continues to play a humble 
role in this historic debate. It continues to be taught and studied in 
many universities in both the Islamic world and the West. We are 
therefore pleased that it is being reprinted. May the new edition 
help those who are concerned with the question of Islamic 
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science in its relation to Islamic civilization as well as the relation 
between Islam and science today to benefit from those wise 
Muslim scientists, savants and hakims whose thoughts and words 
are translated and studied in this book. Their thoughts and 
words are precious because they transmit to us a science which is 
always rooted in God while studying His creation; a science which 
reflects systematic knowledge of nature without ever forgetting 
the Author of Nature Who has inscribed His Wisdom upon every 
leaf and stone and who has created the world of nature in such a 
way that every phenomenon is a sign (4yah) singing in silent music 
the glory of His Oneness. 


SEYYED HOSSEIN NASR 
Washington, D.C. 
12 Dhu'l- Qa'dah 1407 (A.n.) 
July 9, 1987 
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INTRODUCTION 


A. The Principles of Islam 


THE HISTORY OF SCIENCE is Often regarded today as the 
progressive accumulation of techniques and the refinement of 
quantitative methods in the study of Nature. Such a point of 
view considers the present conception of science to be the 
only valid one; it therefore judges the sciences of other civili- 
zations in the light of modern science and evaluates them 
primarily with respect to their “development” with the pas- 
sage of time. Our aim in this work, however, is not to exam- 
ine the Islamic sciences from the point of view of modern 
science and of this “evolutionistic” conception of history; it 
is, on the contrary, to present certain aspects of the Islamic 
sciences as seen from the Islamic point of view. - 

To the Muslim, history is a series of accidents that in no 
way affect the nontemporal principles of Islam. He is more 
interested in knowing and "realizing" these principles than in 
cultivating originality and change as intrinsic virtues. The 
symbol of Islamic civilization is not a flowing river, but the 
cube of the Kaaba, the stability of which symbolizes the 
permanent and immutable character of Islam. 

Once the spirit of the Islamic revelation had brought into 
being, out of the heritage of previous civilizations and through 
its own genius, the civilization whose manifestations may be 
called distinctly Islamic, the main interest turned away from 
change and “adaptation.” The arts and sciences came to pos- 
sess instead a stability and a "crystallization" based on the 
immutability of the principles from which they had issued 
forth; it is this stability that is too often mistaken in the West 
today for stagnation and sterility. 

The arts and sciences in Islam are based on the idea of 
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unity, which is the heart of the Muslim revelation. Just as 
all genuine Islamic art, whether it be the Alhambra or the 
Paris Mosque, provides the plastic forms through which one 
can contemplate the Divine Unity manifesting itself in mul- 
tiplicity, so do all the sciences that can properly be called 
Islamic reveal the unity of Nature. One might say that the 
aim of all the Islamic sciences—and, more generally speaking, 
of all the medieval and ancient cosmological sciences—is to 
show the unity and interrelatedness of all that exists, so that, 
in contemplating the unity of the cosmos, man may be led 
to the unity of the Divine Principle, of which the unity of 
Nature is the image. 

To understand the Islamic sciences in their essence, there- 
fore, requires an understanding of some of the principles of 
Islam itself, even though these ideas may be difficult to ex- 
press in modern terms and strange to readers accustomed to 
another way of thinking. Yet a statement of these principles 
is necessary here, insofar as they form the matrix within 
which the Islamic sciences have meaning, and outside of 
which any study of them would remain superficial and in- 
complete. 

Islamic civilization as a whole is, like other traditional civi- 
lizations, based upon a point of view: the revelation brought 
by the Prophet Muhammad is the “pure” and simple religion 
of Adam and Abraham, the restoration of a primordial and 
fundamental unity. The very word islam means both "sub- 
mission” and "peace"—or “being at one with the Divine 
Will." 

The creed of Islam— "there is no divinity other than God 
and Muhammad is his prophet”—summarizes in its simplicity 
the basic attitude and spirit of Islam. To grasp the essence of 
Islam, it is enough to recognize that God is one, and that the 
Prophet, who is the vehicle of revelation and the symbol of 
all creation, was sent by him. This simplicity of the Islamic 
revelation further implies a type of religious structure differ- 
ent in many ways from that of Christianity. There is no 
priesthood as such in Islam. Each Muslim— being a "priest" — 
is himself capable of fulfilling all the religious functions of his 
family and, if necessary, of his community; and the role of 
the imam, as understood in either Sunni or Shia Islam, does 
not in any way diminish the sacerdotal function of each be- 
liever. The orthodoxy based on this creed is intangible, and 
therefore not so closely bound to specific formulations of 
dogmatic theology as in Christianity. There have been, to be 
sure, sectional fanaticism and even persecution, carried on 
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either by rulers or by exoteric theologians, against such fig- 
ures as al-Hallaj and Suhrawardi. Yet the larger orthodoxy, 
based on the essential doctrine of unity, has always prevailed 
and has been able to absorb within the structure of Islam all 
that is not contradictory to the Muslim creed. 

In its universal sense, Islam may be said to have three 
levels of meaning. All beings in the universe, to begin with, 
are Muslim, i.e., “surrendered to the Divine Will." (A flower 
cannot help being a flower; a diamond cannot do other than 
sparkle. God has made them so; it is theirs to obey.) Sec- 
ondly, all men who accept with their will the sacred law of 
the revelation are Muslim in that they surrender their will to 
that law. When Uqbah, the Muslim conqueror of North 
Africa, took leave of his family and mounted his horse for 
the great adventure which was to lead him through two thou- 
sand miles of conquest to the Moroccan shores of the Atlan- 
tic, he cried out: “And now, God, take my soul.” We can 
hardly imagine Alexander the Great having such thoughts as 
he set out eastward to Persia. Yet, as conquerors, the two 
men were to achieve comparable feats; the “passivity” of 
<Ugbah with respect to the Divine Will was to be transmuted 
into irresistible action in this world. 

Finally, we have the level of pure knowledge and under- 
standing. It is that of the contemplative, the gnostic (Grif), 
the level that has been recognized throughout Islamic history 
as the highest and most comprehensive. The gnostic is Muslim 
in that his whole being is surrendered to God; he has no sepa- 
rate individual existence of his own. He is like the birds and 
the flowers in his yielding to the Creator; like them, like all 
the other elements of the cosmos, he refiects the Divine Intel- 
lect to his own degree. He reflects it actively, however, they 
passively; his participation is a conscious one. Thus “knowl- 
edge” and “science” are defined as basically different from 
mere curiosity and even from analytical speculation. The 
gnostic is from this point of view “one with Nature”; he un- 
derstands it “from the inside,” he has become in fact the chan- 
nel of grace for the universe. His islam and the islam of 
Nature are now counterparts. 

The intellective function, so defined, may be difficult for 
Westerners to grasp. Were it not for the fact that most of the 
great scientists and mathematicians of Islam operated within 
this matrix, it might seem so far removed as to be irrelevant 
to this study. Yet, it is closer in fact to the Western tradition 
than most modern readers are likely to realize. It is certainly 
very close to the contemplative strain of the Christian Middle 
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Ages—a strain once more evoked in part, during the modern 
era, by the German school of Naturphilosophie and by the 
Romantics, who strove for "communion" with Nature. Let 
us not be misled by words, however. The opening of the Ro- 
mantic's soul to Nature—even Keats's "negative capability" 
of receiving its imprint—is far more a matter of sentiment 
(or, as they loved to call it then, "sensibility") than of true 
contemplation, for the truly contemplative attitude is based 
on “intellection.” 

We should be mindful here of the changing usage of words. 
“Intellect” and "intellectual" are so closely identified today 
with the analytical functions of the mind that they hardly bear 
any longer any relation to the contemplative. The attitude 
these words imply toward Nature is the one that Goethe was 
to deplore as late as the early nineteenth century—that at- 
titude that resolves, conquers, and dominates by force of con- 
cepts. It is, in short, essentially abstract, while contemplative 
knowledge is at bottom concrete. We shall thus have to say, 
by way of reestablishing the old distinction, that the gnostic's 
relation to Nature is "intellective," which is neither abstract, 
nor analytical, nor merely sentimental. 

Viewed as a text, Nature is a fabric of symbols, which 
must be read according to their meaning. The Quran is the 
counterpart of that text in human words; its verses are called 
dyàt ("signs"), just as are the phenomena of Nature. Both 
Nature and the Quran speak forth the presence and the wor- 
ship of God: We shall show them Our portents on the horizon 
and within themselves until it will be manifest unto them 
that it is the Truth (41:53) 1 

To the doctors of the Law, this text is merely prescriptive, 
Nature being present in their minds only as the necessary 
setting for men's actions. To the gnostic or Sufi, on the other 
hand, the Quranic text is also symbolic, just as all of Nature 
is symbolic. If the tradition of the symbolic interpretation of 
the text of the Sacred Book were to disappear, and the text 
thereby reduced to its literal meaning, man might still know 
his duty, but the “cosmic text” would become unintelligible. 
The phenomena of Nature would lose any connection with 
the higher orders of reality, as well as among themselves; 
they would become mere “facts.” This is precisely what the 
intellective capacity and, indeed, Islamic culture as a whole 


1 The Meaning of the Glorious Koran, an explanatory translation by Mo- 
hammad Marmaduke Pickthall (London: George Allen & Unwin Ltd.; 
New York: New American Library, 1953), 2:255; 24:35. All subsequent 
references to the Quran are to the latter edition. 
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will not accept. The spirit of Islam emphasizes, by contrast, 
the unity of Nature, that unity that is the aim of the cosmo- 
logical sciences, and that is adumbrated and prefigured in the 
continuous interlacing of arabesques uniting the profusion of 
plant life with the geometric crystals of the verses of the 
uran. 

R Thus we see that the idea of unity is not only the basic 
presupposition of the Islamic arts and sciences: it dominates 
their expression as well. The portrayal of any individual 
object would become a “graven image,” a dangerous idol of 
the mind; the very canon of art in Islam is abstraction. Unity 
itself is alone deserving of representation; since it is not to be 
represented directly, however, it can only be symbolized— 
and at that, only by hints. There is no concrete symbol to 
stand for unity, however; its true expression is negation—not 
this, not that. Hence, it remains abstract from the point of 
view of man, who lives in multiplicity. 

Thus we come to the central issue. Can our minds grasp 
the individual object as it stands by itself? or can we do so 
only by understanding the individual object within the con- 
text of the universe? In other words, from the cosmological 
point of view, is the universe the unity, and the individual 
event or object a sign (“phenomenon,” “appearance”) of am- 
biguous and uncertain import? Or is it the other way around? 
Of these alternatives, which go back to the time of Plato, the 
Muslim is bound to accept the first—he gives priority to the 
universe as the one concrete reality, which symbolizes gn the 
cosmic level the Divine Principle itself, although that cannot 
.truly be envisaged in terms of anything else. This is, to be 
sure, an ancient choice, but Islam does inherit many of its 
theories from preexisting traditions, the truths of which it seeks 
to affirm rather than to deny. What it brings to them, as we 
have already said, is that strong unitary point of view that, 
along with a passionate dedication to the Divine Will, en- 
abled Islam to rekindle the flame of science that had been 
extinguished at Athens and in Alexandria. 

We have seen that the sacred art of Islam is an abstract art, 
combining flexibility of line with emphasis on the archetype, 
and on the use of regular geometrical figures interlaced with 
one another. Herein one can already see why mathematics 
was to make such a strong appeal to the Muslim: its abstract 
nature furnished the bridge that Muslims were seeking be- 
tween multiplicity and unity. It provided a fitting texture of 
symbols for the universe—symbols that were like keys to 
Open the cosmic text. 


26 SCIENCE AND CIVILIZATION IN ISLAM 


We should distinguish at once between the two types of 
mathematics practiced by Muslims: one was the science of 
algebra, which was always related to geometry and trigonom- 
etry; the other was the science of numbers, as understood in 
the Pythagorean sense. The Pythagorean number has a sym- 
bolic as well as a quantitative aspect; it is a projection of 
Unity, which, however, never leaves its source. Each number 
has an inherent power of analysis, arising out of its quantita- 
tive nature; it has also the power of synthesis because of the 
inner bond that connects all other numbers to the unit. The 
Pythagorean number thus has a “personality”: it is like a 
Jacob’s ladder, connecting the quantitative with the qualita- 
tive domain by virtue of its own inner polarization. To study 
numbers thus means to contemplate them as symbols and to 
be led thereby to the intelligible world. So also with the other 
branches of mathematics. Even where the symbolic aspect is 
not explicitly stated, the connection with geometric forms has 
the effect upon the mind of freeing it from dependence upon 
mere physical appearance, and in that way preparing it for 
its journey into the intelligible world and, ultimately, to 
Unity. 

Gnosis in the Alexandrian world had used, as the vehicle 
for the expression of its doctrines, a bewildering maze of 
mythology. In Islam, the intellective symbolism often be- 
comes mathematical, while the direct experience of the mystic 
‘is expressed in such powerful poetry as that of Jalal al-Din 
Rimi. The instrument of gnosis is always, however, the in- 
tellect; reason is its passive aspect and its reflection in the 
human domain. The link between intellect and reason is never 
broken, except in the individual ventures of a handful of 
thinkers, among whom there are few that could properly 
be called scientists. The intellect remains the principle of 
reason; and the exercise of reason, if it is healthy and normal, 
should naturally lead to the intellect. That is why Muslim 
metaphysicians say that rational knowledge leads naturally to 
the affirmation of the Divine Unity. Although the spiritual 
realities are not merely rational, neither are they irrational. 
Reason, considered in its ultimate rather than its immediate 
aspect, can bring man to the gateway of the intelligible world; 
rational knowledge can in the same fashion be integrated into 
gnosis, even though it is discursive and partial while gnosis is 
total and intuitive. It is because of this essential relationship 
of subordination and hierarchy between reason and intellect, 
rational knowledge and gnosis, that the quest for causal ex- 
planation in Islam only rarely sought to, and never actually 
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managed to, satisfy itself outside the faith, as was to happen 
in Christianity at the end of the Middle Ages. 

This hierarchy is also based on the belief that scientia— 
human knowledge—is to be regarded as legitimate and noble 
only so long as it is subordinated to sapientia—Divine wis- 
dom. Muslim sages would agree with Saint Bonaventure’s 
“Believe, in order to understand.” Like him, they insist that 
scientia can truly exist only in conjunction with sapientia, and 
that reason is a noble faculty only insofar as it leads to in- 
tellection, rather than when it seeks to establish its inde- 
pendence of its own principle, or tries to encompass the In- 
finite within some finite system. There are in Islamic history 
one or two instances when rationalist groups did attempt to 
establish their independence of and opposition to the gnostics, 
and also to set themselves against other orthodox interpreters 
of the Islamic revelation. The spiritual forces of Islam were 
always strong enough, however, to preserve the hierarchy 
between intellect and reason, and thus to prevent the estab- 
lishment of a rationalism independent of the revelation. The 
famous treatises of al-Ghazzali, in the fifth/eleventh century, 
against the rationalistic philosophers of his time mark the 
final triumph of intellection over independent ratiocination— 
a triumph that did not utterly destroy rationalistic philosophy, 
but did make it subordinate to gnosis. As a result of this de- 
feat by al-Ghazzali and similar figures of the syllogistic' and 
systematic Aristotelian philosophy in the fifth/eleventh cen- 
tury, the Islamic gnostic tradition has been able to survive and 
to remain vital down to the present day, instead of being 
stifled, as elsewhere, in an overly rationalistic atmosphere. 

The reaction against the rationalists, of which the writings 
of al-Ghazzali mark the high point, coincides roughly in time 
with the spread of Aristotelianism in the West, which led ulti- 
mately to a series of actions and reactions—the Renaissance, 
the Reformation, and the Counter-Reformation—such as 
never occurred in the Islamic world. In the West, these move- 
ments led to new types of philosophy and science such as 
characterize the Western world today, that are as profoundly 
different from their medieval antecedents as is the mental 
and spiritual horizon of modern man from that of traditional 
man. Europe in that period began to develop a science of 
Nature that concerns itself only with the quantitative and ma- 
terial aspects of things; meanwhile, the tide of Islamic thought 
was flowing back, as before, into its traditional bed, to that 


Conceptual coherence that comprises the mathematical 
sciences, 
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Today, as in the past, the traditional Muslim looks upon all 
of science as "sacred," and studies this sacred science in a 
well-established threefold articulation. First, within the reach 
of all, is the Law, contained in essence in the Quran, eluci- 
dated by tradition and jurisprudence, and taught by the doc- 
tors; it covers every aspect of the social and religious life of 
the believer. Beyond that lies the Path dealing with the inner 
aspect of things, which governs the spiritual life of those who 
have been "elected" to follow it. This has given rise to the 
various Sufi brotherhoods, since it is actually a way of life, 
built upon communication at a personal, nonsystematic level. 
Finally, there is the ineffable Truth itself, which lies at the 
heart of both these approaches. 

According to a still-current simile, the Law is as the cir- 
cumference of a circle, of which the Path is the radius, and 
the Truth the center. The Path and the Truth together form 
the esoteric aspect of Islam, to which Sufism is dedicated. At 
its core lies a metaphysical intuition, knowledge such as 
comes only to the right “mode in the knower." From this 
Spring a science of the universe, a science of the soul, and 
the science of mathematics, each of them in essence a differ- 
ent metaphorical setting for that one science that the mind 
strives after, each of them a part of that gnosis that compre- 
hends all things. 

This may help explain why the mathematician, who was 
something of a displaced person in the West right up to the 
late Middle Ages, plays a central role in Islam from the 
very start. Two centuries after the establishment in the Near 
East of Christianity (in A.D. 313), the Christian-dominated 
West was still sunk deep in barbarism. Yet two centuries 
after Muhammad, the Islamic world under the Caliph Hàrün al- 
Rashid was already far more active culturally than the con- 
temporaneous world of Charlemagne—even with the latter’s 
earlier start. What reached the West from Islam at that time 
was little more than dark tales of incredible wealth and won- 
drous magic. In Islam itself, however, the mathematician’s 
craft, having “found its home,” was already able to satisfy 
the civilized man’s desire for logical subtlety and for intel- 
lectual games, while philosophy itself reached out into the 
mysteries beyond reason. 

This early stabilization of the theoretical outlook of Islam 
extended also to the type of man who embodied it. Whereas 
the role of intellectual leadership in the West devolved upon 
several different figures in turn—the Benedictine monk, the 
scholastic doctor, the lay scientist—the central figure in Islam 
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has remained almost unchanging. He is the hakim, who en- 
compasses within himself some or all of the several aspects 
of the sage; scholar, medical healer, spiritual guide. If he 
happens to be a wise merchant too, that also falls into the 

icture, for he is traditionally an itinerant person. If his 
achievements in mathematics are extraordinary, he may be- 
come a figure like ‘Umar Khayyam. It is clear, moreover, 
that such a man—be his name even Avicenna!—will never 
be able to develop each of his several attainments in the same 
fashion as the single-faceted specialist may. Such specialists 
do exist in Islam, but they remain mostly secondary figures. 
The sage does not let himself be drawn into the specialist's 
single-level "mode of knowing," for then he would forfeit 
. the higher knowledge. Intellectual achievement is thus, in a 
sense, always patterned upon the model of the unattainable 
complete, that "total thing" that is not found in the Greek 
tradition. Ptolemy's Syntaxis becomes in the Muslim world 
the Almagest or Opus Maximum—even as Aristotle is purely 
and simply al-failasuf (the philosopher). 

The title of Avicenna's great treatise, Kitab al-Shif@, which 
rivals in scope the Aristotelian corpus, means The Book of 
Healing. As the title implies the work contains the knowledge 
needed to cure. the soul of the disease of ignorance. It is all 
that is needed for man to understand; it is also as much as 
any man need know. Newton’s work Principia has an obvi- 
ously far different ring: it means a foundation—essentially, a 
“beginning”—rather than a knowledge that is complete, and 
sufficient for man's intellectual needs as the titles of so many 
medieval Islamic texts imply. 


B. The Perspectives within Islamic 
Civilization 


, Islam came into the world at the beginning of the seventh 
MY A.D., its initial date (the journey of the Prophet from 
ecca to Medina) being 622 A.D.; it had spread over all of 
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the Middle East, North Africa, and Spain, by the end of that 
same century. Just as the Islamic religion is one of the “middle 
way," so too did its territory come to occupy—in fact, it 
still occupies—the “middle belt" of the globe, from the At- 
lantic to the Pacific. In this region, the home of many earlier 
civilizations, Islam came into contact with a number of sci- 
ences which it absorbed, to the extent that these sciences 
were compatible with its own spirit and were able to provide 
nourishment for its own characteristic cultural life. 

The primordial character of its revelation, and its con- 
fidence that it was expressing the Truth at the heart of all 
revelations, permitted Islam to absorb ideas from many 
sources, historically alien yet inwardly related to it. This was 
especially true in regard to the sciences of Nature, because 
most of the ancient cosmological sciences—Greek, as well as 
Chaldean, Persian, Indian, and Chinese—had sought to ex- 
press the unity of Nature and were therefore in. conformity 
with the spirit of Islam. Coming into contact with them, the 
Muslims adopted some elements from each— most exten- 
sively, perhaps, from the Greeks, but also from the Chal- 
deans, Indians, Persians, and perhaps, in the case of alchemy, 
even from the Chinese. They united these sciences into a new 
corpus, which was to grow over the centuries and become 
part of the Islamic civilization, integrated into the basic struc- 
ture derived from the Revelation itself. 

The lands destined to become parts of the medieval Islamic 
world—from Transoxiana to Andalusia—were consolidated 
into a new spiritual universe within a single century after the 
death of the Prophet. The revelation contained in the Quran, 
and expressed in the sacred language (Arabic), provided the 
unifying pattern into which many foreign elements became 
integrated and absorbed, in accordance with the universal 
spirit of Islam, In the sciences, especially those dealing with 
Nature, the most important source was the heritage of Greek 
civilization. 

Alexandria, by the first century B.C., had become the cen- 
ter of Greek science and philosophy, as well as the meeting 
place of Hellenism with Oriental and ancient Egyptian influ- 
ences, out of which came Hermeticism and Neoplatonism. 
The Greek heritage—itself to a great extent an assemblage of 
ancient Mediterranean views, systematized and put into dia- 
lectical form by the peculiar discursive power of the Greeks— 
passed from Alexandria to Antioch, and from there to Nisibis 
and Edessa, by way of the Christian Monophysites and Nes- 
torians. The latter were particularly instrumental in the 
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spreading of Greek learning, chiefly in Syriac translation, to 
Jands as far east as Persia. 

In the third century A.D., Shapir I founded Jundishapur 
at the site of an ancient city near the present Persian city of 
Ahwaz, as a prisoner-of-war camp, for soldiers captured in 
the war with Valerian. This camp gradually grew into a metrop- 
olis, which became a center of ancient sciences, studied in Greek 
and Sanskrit and later in Syriac. A school was set up, on the 
model of those at Alexandria and Antioch, in which medi- 
cine, mathematics, astronomy, and logic were taught, mostly 
from Greek texts. translated into Syriac, but also elements 
of the Indian and Persian sciences were included. This school, 
which lasted long after the establishment of the Abbasid 
caliphate, became an important source of ancient learning in 
the Islamic world. - 

Aside from those more obvious avenues, there were also 
lines of communication with more esoteric aspects of the 
Greek sciences, particularly the Pythagorean school, through 
the community of Sabaeans of Harran. This religious com- 
munity traced its origin to the Prophet Idris (the Enoch of 
the Old Testament), who is also regarded in the Islamic world 
as the founder of the sciences of the heavens and of philoso- 
phy, and who is identified by some with Hermes Trismegistus. 
The Sabaeans possessed a remarkable knowledge of astron- 
omy, astrology, and mathematics; their doctrines were in many 
respects similar to those of the Pythagoreans. It was probably 
they who provided the link between the Hermetic Tradition 
and certain aspects of the Islamic esoteric doctrines, ‘into 
which some elements of Hermeticism were integrated. 

On the Oriental side the Indian and, to a lesser degree, the 
Persian sciences came to have an important bearing upon 
the growth of the sciences in Islam, a bearing far greater 
than is usually recognized. In zoology, anthropology, and cer- 
tain aspects of alchemy, as well as, of course, in mathematics 
and astronomy, the tradition of Indian and Persian sciences 
Was dominant, as can be seen in the Epistles (Ras@il) of the 
Brethren of Purity (Ikhwán al-Saf@) and the translations of 
Ibn Mugaffa<, It must be remembered that the words “magic” 
and Magi are related, and that, according to the legend, the 
Jews learned alchemy and the science of numbers from the 
Magi, while in captivity in Babylon. 

There are most likely elements of Chinese science in 
Islam, especially in alchemy, pointing to some early contact 

een the Muslims and Chinese science. Some have even 
gane sa far as to claim—without much proof, to be sure— 
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that the word al-kimiy® from which “alchemy” is derived, 
is itself an arabization of the classical Chinese word Chin-l, 
which in some dialects is Kim-la and means “the gold-making 
juice.” The most important influence from China, however, 
was to come in later centuries, particularly after the Mongol 
invasion, and then primarily in the arts and technology. 

The totality of the arts and sciences in Islam thus con- 
sisted of a synthesis of the ancient sciences of the Mediter- 
ranean people, as incorporated and developed by the Greeks, 
along with certain Oriental elements. The dominant part of 
this heritage was definitely Graeco-Hellenistic, in translations 
either from Syriac or from the Greek itself, by such masters 
of translation as Hunain ibn Isháq, and Thabit ibn Qurrah. 
There were numerous translations of Greek authors into 
Arabic in nearly every domain of knowledge. The ideas and 
points of views contained in these translations formed a large: 
part of the nutriment which Islam sampled and then assimi- 
lated according to its own inner constitution, and the founda- 
tion given to it by the Quranic revelation. In this way there 
developed, in conjunction with the three basic “dimensions” 
of the Law, the Path, and the Truth, Islamic schools which 
were to become an accepted part of Islamic civilization. 

With respect to Greek learning itself, Muslims came to dis- 
tinguish between two different schools, each possessing a dis- 
tinct type of science: one, the Hermetic-Pythagorean school, 
was metaphysical in its approach, its sciences of Nature de- 
pending upon the symbolic interpretation of phenomena and 
of mathematics; in the other, the syllogistic-rationalistic 
school of the followers of Aristotle, the point of view was 
philosophical rather than metaphysical, and its sciences were 
therefore aimed at finding the place of things in a rationál 
system, rather than at seeing, through their appearances, their 
heavenly essences. The first school was regarded as the con- 
tinuation, in Greek civilization, of the wisdom of the ancient 
prophets, especially Solomon and Idris; it was therefore con- 
sidered to be based on divine rather than human knowledge. 
The second school was looked upon, for the most part, as re- 
flecting the best effort the human mind could make to arrive 
at the truth, an effort of necessity limited by the finite nature 
of human reason. The first school was to become an integral 
part of Islam, certain of its cosmological sciences being inte- 
grated into some of the branches of Sufism. The second 
school did have many disciples in the earlier centuries and 
thus left an influence upon the language of Muslim theology; 
after the seventh/thirteenth century, it lost ground, however, 
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and, despite its continuation up to the present day, it has re- 
mained a secondary aspect of Islamic intellectual life. 

The various levels of reference existing hierarchically 
within the structure of Islam are presented concisely by a sage 
who lived in the fifth/eleventh century, and who is probably 
the one Oriental figure most familiar to the modern Western 
public: ‘Umar Khayyam, mathematician and poet extraordi- 
nary. That he should be regarded in the Western world, on 
the strength of his famous quatrains, as a skeptical hedonist 
is itself a sign of the profound lack of understanding between 
the two worlds; for he was in reality a sage and a gnostic of 
high standing. What appears to be lack of concern or agnos- 
ticism in his poetry is merely an accepted form of expression, 
within which he incorporated both the drastic remedy that the 
gnostic applies to religious hypocrisy, and also the reestab- 
lishment of contact with reality. (Late Greeks, such as Aene- 
sidemus, had had recourse to the same skeptical device, and 
with similar intentions.) In the following passage from a 
metaphysical treatise, Khayyam divides the seekers after 
knowledge into four categories: 


(1) The theologians, who become content with disputation 
and “satisfying” proofs, and consider this much knowledge 
of the Creator (excellent is His Name) as sufficient. 

(2) The philosophers and learned men [of Greek inspiration] 
who use rational arguments and seek to know the laws of 
logic, and are never content merely with “satisfying” argu- 
ments. But they too cannot remain faithful to the condi- 
tions of logic, and become helpless with it. 

(3) The Ismailis [a branch of Shia Islarn] and others who say 
that the way of knowledge is none other than receiving 
information from a learned and credible informant; for, 
in reasoning about the knowledge of the Creator, His 
Essence and Attributes, there is much difficulty; the reason- 
ing power of the opponents and the intelligent [of those 
who struggle against the final authority of the revelation, 
and of those who fully accept it] is stupefied and helpless 
before it. Therefore, they say, it is better to seek knowledge 
from the words of a sincere person. 

(4) The Sufis, who do not seek knowledge by meditation or 
discursive thinking, but by purgation of their inner being 
and the purifying of their dispositions. They cleanse the 
rational soul of the impurities of nature and bodily form, 
until it becomes pure substance. It then comes face to face 
with the spiritual world, so that the forms of that world 
become truly reflected in it, without doubt or ambiguity. 
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This is the best of all ways, because none of the perfections 
of God are kept away from it, and there are no obstacles 
or veils put before it. Therefore, whatever [ignorance] 
comes to man is due to the impurity of his nature; if the 
veil be lifted and the screen and obstacle removed, the 
truth of things as they are will become manifest. And the 
Master [the Prophet Muhammad]__upon whom be peace 
— indicated this when he said: "Truly, during the days of 
your existence, inspirations come from God. Do you not 
want to follow them?" 

Tell unto reasoners that, for the lovers of God [gnostics], 
intuition is guide, not discursive thought.? 


Here we have, stated authoritatively, the central perspec- 
tive of Islamic thought, in which the component parts fall 
naturally into place. Each one is a different mode of knowing. 
It is puzzling at first sight to find nowhere in it the mathe- 
maticians, of whom Khayyam himself was such an eminent 
example. Notice, however, that the Ismailis correspond quite 
closely with what in the.early Pythagorean school had been 
the Akusmatikoi, "those who go by what is told them." It 
should be noticed, also, that the Pythagorean Mathematikoi, 
the “expounders of the doctrine,” will be found both among 
the philosophers and again among the Sufis, since systematic 
theory remains helpless without spiritual achievement, which 
is precisely what mathematics is intended to lead to, by con- 
trast with syllogistic hair-splitting. This is clearly revealed in 
later sections of the same work in which Khayyàm describes 
himself as both an orthodox Pythagorean and a Sufi. 

Here, too, we see the significant contrast with the Greek 
world. For the Pythagorean doctrines alluded to had become 
practically extinct there by the time of Aristotle, and were 
to be taken up again, and at that only after a fashion, in the 
Hellenistic revival; in Islam, we see them stabilized and re- 
stored almost according to their original pattern through the 
unitary religious idea. Islam was thus able to hand on to the 
West, to the extent that the latter accepted the Pythagorean 
tradition, something more coherent, as well as technically 
more advanced, than the West's own immediate heritage from 
antiquity. 

There are other lines to be found in Khayyàm's spectrum. 


2 Umar Khayyam. Risálah-i wujūd (Bayadi MS. in the Tehran National 
Library). Translated by S. H. Nasr. 
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The “atomistic” school of thought which flourished in Islam 
after the fourth/tenth century, and which in the Western per- 
spective might be supposed to be scientific, he regards as not 
belonging to science at all, but to theology, for the Ashcarites 
who represented this school were exactly the sort of "theo- 
logians" he described. In the writings of the followers of this 
school—especially al-Baqillani, who may be considered their 
outstanding “philosopher of Nature"—the continuity of ex- 
ternal forms is broken by an “atomistic” doctrine of time and 
space, and by the denial of the Aristotelian notion of cau- 
sality. For the Ashcarites (as also for the Sufis), the world 
is annihilated and recreated at every moment; the cause of all 
events is the Creator and not a finite, created agent. A stone 
falls because God makes it fall, not because of the nature of 
the stone or because it is impelled by an external force. What 
appears as "Laws of Nature," i.e., the uniformity of sequence 
of cause and effect, is only a matter of habit, determined by 
the will of God and given the status of "law" by Him. Mira- 
cles, which seem to break the apparent uniformity of natural 
phenomena, are simply going against the “habit” of Nature; 
the Arabic word for a supernatural event means literally that 
which results from "rupture of habit." We are facing here a 
strict "consequentiality," which has its parallel in Western 
thought of the seventeenth century. From Descartes to the 
Occasionalists, the development presents curious similarities. 
In the second grouping on Khayyam’s list, the “phifoso- 
phers and learned men," we would find assembled all the 
famous names of Islamic science. There is a sharp distinc- 
tion, however, between two schools of “philosophical” 
thought, both of which profess to be disciples of the Greeks. 
The first is the Peripatetic school, whose doctrines are a com- 
bination of the ideas of Aristotle and of some Neoplatonists. 
The representative of this school who was closest to Aristotle 
Was Averroes who, paradoxically, had less effect upon the 
Islamic than upon the Christian world, and should be studied 
More as a great member of the tradition of Western philoso- 
Phy than as an integral part of Islamic intellectual life. 
. The science of Nature cultivated by the Peripatetic school 
is primarily syllogistic: it seeks to determine the place of 
each being, in a vast system based upon the philosophy of 
Aristotle. The best expression of the doctrines of this school 
appears in Avicenna's early writings. The Book of Healing 
Is the most comprehensive encyclopedia of knowledge ever 
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written by one person, and undoubtedly the most influential 
Peripatetic work in Islam. 

The other Islamic school professing to follow the Greeks 
was much more sympathetic to the Pythagorean-Platonic than 
to the Aristotelian tradition. This school, which in later cen- 
turies came to be called the Illuminatist (ishr@gi) school, as- 
serts that it derives its doctrines not only from the Pythago- 
reans and their followers, but from the ancient Prophets, the 
Hermetic Tradition, and even from the ancient Zoroastrian 
sages. The symbolic works of Avicenna, such as Living Son 
of the Awake (Hayy ibn Yaqzàn) are early expressions of the 
writings of this school. The greatest Illuminatist philosopher, 
however, is Suhrawardi, who drew his symbolism from all 
the many sources mentioned above. 

The sciences of Nature, as well as the mathematics culti- 
vated by certain adherents of this school, are primarily sym- 
bolic, and resemble to a great extent the writings of some 
Neoplatonists. Nature becomes for the writers of this school 
a cosmic crypt from whose confines they must seek to escape; 
and on their journey through it, they see in its phenomena 
"signs," which guide them on the road toward final *illumina- 
tion.” Many Illuminatists, particularly those of later cen- 
turies, have also been Sufis, who have made use of the emi- 
nently initiatic language of the Illuminatist philosophers to 
describe the journey of the Sufi toward gnosis. Many mem- 
bers of this school, and in general the learned men whom 
Khayyàm mentions, have also been among the group that 
have cultivated mathematics, astronomy, and medicine; for 
these learned men took an interest in all the arts and sci- 
ences, and helped to keep alive the traditions of learning in 
those fields, as an integral part of their studies in philosophy. 

The Peripatetics were very strong during the fourth/tenth 
and fifth/eleventh centuries, but their influence weakened 
during the succeeding period. The Illuminatists, on the other 
hand, became strong after the sixth/twelfth century and 
al-Ghazzàli's triumph. They have had a continuous tradition 
down to the present day, chiefly because of the metaphysical 
(as against rationalistic) emphasis in their doctrines, and 
also because of the use of their language by certain Sufi mas- 
ters. One of the greatest exponents of Illuminatist doctrines, 
as interpreted and modified by the Safavid sage Mulla Sadra, 
was Hajji Mulla Hadi Sabziwari who died in Persia less than 
a century ago. 

The Ismailis, to whom Khayyam next refers, are a branch 
of Shia Islam, which was very powerful in his time, and also 
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played a considerable role in the cultivation of the arts and 
sciences. Ismaili doctrines are fundamentally esoteric, being 
based on numerical symbolism and the symbolic interpreta- 
tion of the “cosmic text." The symbolic interpretation of the 
Quran, which is basic in Shia Islam as well as in Sufism, was 
made the basis for the symbolic study of Nature. Moreover, 
such sciences as alchemy and astrology became integrated 
into their doctrines, and such texts as the Epistles of the 
Brethren of Purity, and the numerous writings of Jàbir ibn 
Hayyàn, the alchemist, were to have their greatest influence 
upon this group. The development of what has been called 
“Oriental neo-Pythagoreanism" is found most clearly in the 
treatises of the Ismailis. They were very much interested in 
the sciences of Nature; in integrating the rhythms and cycles 
of Nature with the cycles of history and with the manifesta- 
tions of various prophets and imams, their works rank among 
the most important Islamic writings on Nature. 

Khayyam mentions, finally, the Sufis or gnostics, the group 
to which he himself belonged. It may seem surprising that a 
man so well versed in the arts and sciences of his day should 
consider the “way of purification" of the Sufis as the best 
way of acquiring knowledge. His language in this regard, 
however, is not merely theoretical, it is almost operational: 
one cleanses and focuses the instrument of perception, i.e., 
the soul, so that it may see the realities of the spiritual world. 
Aristotle himself, the great rationalist, had once said that 
"knowledge is according to the mode of the knower." The 
gnostic, in employing the "right" mode of knowledge ensures 
that Intellection takes place in him immediately and intui- 
tively. In this regard, Khayyàm's statement becomes clearer 
When seen in the light of a doctrine that we shall discuss later: 
the doctrine of the universal man, who is not only the final 
en of the spiritual life, but also the archetype of the uni- 

rse. 

, Fo the extent that the gnostic is able to purify himself of 
his individualistic and particular nature, and thus to identify 
himself with the universal man within him, to that same 
extent does he also gain knowledge of the principles of the 
Cosmos, as well as of the Divine realities. For the gnostic, 
knowledge of Nature is secondary to knowledge of the Divine 

Tinciple; yet, because of the rapport between the gnostic 
and the universe, Nature does play a positive role in guiding 
him to his ultimate goal. The phenomena of Nature become 

transparent” for the gnostic, so that in each event he “sees” 

archetype. The symbols of substances—geometric forms 
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and numerical quantities, colors, and directions—these and 
many other such symbols are aspects of the being of things. 
They increase in their reality—a reality independent of 
personal taste or of the individual—to the extent that the 
gnostic divorces himself from his individual perspective and 
limited existence, and identifies himself with Being. For the 
gnostic, the knowledge of anything in the universe means 
ultimately knowledge of the relationship between the essence 
of that particular being and the Divine Intellect, and the 
knowledge of the ontological relationship between that being 
and Being itself. l ) 

Khayyam’s classification did not take into consideration 
certain writers of great importance, who did not follow any 
particular school. There are also many Islamic writers, 
hakims, including Khayyàm himself, who possessed a knowl- 
edge of several disciplines, and in whom two or more levels 
of his hierarchy of knowledge may be found. Some of the 
most outstanding of these men will be discussed in the next 
chapter. 

Inasmuch as the hierarchy of knowledge in Islam, as it has 
existed historically, has been united by a metaphysical bond— 
much as a vertical axis unites horizontal planes of reference— 
the integration of these diverse views “from above” has been 
possible. Historically, of course, there have been many con- 
flicts, sometimes disputes leading to violence and occasionally 
to the death of a writer. Such conflicts are not, however, as 
elsewhere, between incompatible orthodoxies. They are re- 
garded by most Islamic commentators as due to the lack of 
a more universal point of view on the part of those who 
have only embraced a less universal one. Only the gnostic, 
Who sees all things "as they really are," is able to integrate 
all these views into their principial unity. 

Regarded from their own point of view, each of these 
Schools may be said to possess a certain "philosophy of 
Nature," and, in conformity with it, to cultivate the sciences 
dealing with the universe. Some of their writings, primarily 
those of the Peripatetics, were to be translated into Latin 
to help form that Western scholasticism which was later to 
give way to seventeenth-century “natural philosophy." Other 
writings, such as those of the alchemists, were to flourish in 
the Western world for several centuries, only to wither away 
in its atmosphere of rationalistic philosophy. There were still 
other works, especially those of the Sufis and Illuminatists, 
which were to have an influence on certain Western circles 
such as that of Dante, and yet for the most part to remain 
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almost unknown in the Western world, down to comparatively 
recent times. 

In this brief introduction, it has been necessary to cover 
much ground that is unfamiliar and often quite difficult for 
a Western reader to grasp. But we felt that we had to dispel 
the common conception of the Muslims as merely Puritan 
warriors and merchants, whose strange bent for the "subtle- 
ties’ of algebra and logic somehow also enabled them to 
become the transmitters of Greek learning to the West. As 
against that all too current notion, we have tried to present 
a brief picture of a culture whose spiritual values are 
inextricably tied up with mathematics and with metaphysics 
of a high order, and which once again fused the constituent 
elements of Greek science into a powerful unitary concep- 
tion, which had an essential influence on the Western world 
up to the time of the Renaissance. 

Strangely enough, it is this latter conception, half unknown 
at best, and then quickly forgotten in the West, which has 
remained, up to the present Western impact upon the Islamic 
world, the major factor in the Islamic perspective determining 
its attitude toward Nature and the meaning it gives to the 
sciences of Nature; conversely, it is those very elements of 
the Islamic sciences, most responsible for providing the tools 
with which the West began the study of the already secular- 
ized Nature of the seventeenth century, that became secondary 
in the Islamic world itself and had already ceased to occupy 
the main intellectual efforts of that civilization by the nipth/ 
fifteenth century. 

The Western world has since concentrated its intellectual 
energies upon the study of the quantitative aspects of things, 
thus developing a science of Nature, whose all too obvious 
fruits in the physical domain have won for it the greatest 
esteem among people everywhere, for most of whom "sci- 
ence" is identified with technology and its applications. 
Islamic science, by contrast, seeks ultimately to attain such 
knowledge as will contribute toward the spiritual perfection 
and deliverance of anyone capable of studying it; thus its 
ruits are inward and hidden, its values more difficult to dis- 
cern. To understand it requires placing oneself within its per- 
Spective, and accepting as legitimate a science of Nature 
Which has a different end, and uses different means, from 

Ose of modern science. If it is unjust to identify Western 
Me solely with its material results, it is even more unjust 
© judge medieval science by its outward “usefulness” alone. 

Owever important its uses may have been in calendarial 
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work, in irrigation, in architecture, its ultimate aim has 
always been to relate the corporeal world to its basic spiritual 
principle, through the knowledge of those symbols which 
unite the various orders of reality. It can only be understood, 
| and should only be judged, in terms of its own aims and its 
i| own perspectives. 


CHAPTER ONE 


THE UNIVERSAL FIGURES 
OF ISLAMIC SCIENCE 


THROUGHOUT IsLAMIC HISTORY, the central figure in the 
transmission of the sciences has been the wise man, or hakim. 
He has usually been a physician, a writer and poet, an 
astronomer and mathematician, and, above all, a sage. In 
this figure of the hakim, one can see the unity of the sciences 
as so many branches of a tree whose trunk is the wisdom 
embodied in the sage. The hakim has always established the 
unity of the sciences in the minds of students, by the very 
fact of his teaching all of the sciences as so many different 
applications of the same fundamental principles. The Islamic 
teaching system as a whole and the classification of the sci- 
ences, which forms its matrix, are themselves dependent 
upon this figure of the hakim, or sage. 

.Of course, not all of those who have made notable con- 
tributions to Islamic science have been masters of every 
field of knowledge. Some have been predominantly mathe- 
maticians, or physicians, or natural historians. With such 
figures we shall deal in the appropriate chapters pertaining to 
each subject matter. But there are a number of outstanding 
figures whose scope was universal, and they played an im- 
Portant role in several of the sciences. Today knowledge 
has become so compartmentalized as to make the concep- 
tion of Such figures very difficult for modern man. Further- 
More, in dividing the Islamic sciences into subjects that 
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conform more or less to the present-day division of knowl- 
edge, it becomes difficult to determine where to place such 
figures. We have therefore decided to describe briefly some 
of the outstanding universal figures of Islamic science in 
this chapter, leaving others whose contribution, no matter 
how important, belongs to a particular domain to be treated 
along with the subject matter in question. These universal 
figures are by no means the only ones to have made note- 
worthy achievements, especially in mathematics, but they are 
the hakims whose names appear in nearly every field of 
Islamic science and who have left an indelible mark upon 
the intellectual life of Islam. 


Jabir ibn Hayyan (c.103/721—c.200/815) 


Little is known of the life of Jabir ibn Hayyan al-Azdi 
al-Tüsi al-Süfi, the founder of Islamic alchemy. It can be 
asserted with some certainty that his family came from the 
Azd tribe of Southern Arabia that had settled during the 
rise of Islam in Kufa. His father, a Shiite, had plotted against 
the Omayyads in Khurasan where Jàbir was born, probably in 
Tus. He spent his early years there and then was sent to 
Arabia. Later he came to Kufa where he spent much of his 
life and, finally, to Baghdad where he first became known 
as an alchemist at the court of Hārūn al-Rashid and was 
especially associated with the viziers of the Abbasids, the 
powerful Barmakids. He was a Sufi and a Shiite, closely 
connected with the circle of the sixth Imam, Ja‘far al-Sadiq. 
With the disgrace of the Barmakids at court, Jabir also fell 
out of favor but is said to have survived into the reign of 
al-Ma>min, although the date of his death is by no means 
certain. 

The number of writings that bear Jabir’s name, about 
three thousand, most of which are short treatises, have made 
many doubt their authenticity and some have even questioned 
the historical existence of Jabir. But as E. Holmyard, a leading 
historian of Islamic alchemy, has clearly shown there is no 
doubt about the existence of such a person. The Shiite 
historical sources are too consistent about Jabir to enable 
one to deny that such a figure existed. Yet, there is no 
doubt that many works in the Jabirian corpus are later 
Ismaili accretions and in fact Jabir became, more than an 
historical figure, an intellectual type in whose name many 
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later works were written. There is little reason to doubt, 
however, that much of the corpus does belong to Jàbir and 
the rest to the school connected with his name. 

The question of Jàbir is further complicated by the fact 
that under his Latin name, Geber, there appeared a series of 
works in Latin for which there is no Arabic original while 
other works by “Geber” are really Latin versions of treatises 
belonging to the Jabirian corpus. There is, therefore, a 
distinction to be made between the Latin Geber and Jabir 
although until all of the Jàbirian corpus, most of which 
remains unedited, is studied there is no means of determining 
how much of the Latin Geber belongs to a Western, most 
likely a Spanish, alchemist writing under the name of the 
outstanding master of the art of alchemy. 

The important works of Jabir include The Hundred and 
Twelve Books, some of which are dedicated to the Barmakids; 
The Seventy Books, a good portion of which was translated 
into Latin, and The Books of the Balance, which outline the 
famous theory of the balance underlying the whole of 
Jabirian alchemy. Jabir did not only write on alchemy, of 
which he was the greatest medieval authority, but also on 
logic, philosophy, medicine, the occult sciences, physics, 
mechanics and nearly every other domain of knowledge. He 
expounded a particular “philosophy of nature" and a method 
for the study of different sciences that influenced all later 
alchemical and Hermetic authors as well as the Ismailis and 
certain schools of Imami, or ‘Twelver,” Shiism and Sufism. 


Abit Yüsuf Ya:qüb ibn Ishaq al-Kindi (c. 185/801—c.260/873) 


Al-Kindi, the Latin Alkindus, who is entitled the “Philoso- 
pher of the Arabs," came from the Arab tribe of Kindah. 
ancestors had settled in Kufa where his father was gover- 
Dor. Al-Kindi spent his early life in Kufa, which had become a 
center of the sciences. He studied the religious sciences as 
Well as philosophy and mathematics, and became especially 
Interested in the philosophical sciences after going to Baghdad. 
At this time the major movement of translation into Arabic 
had already begun. He knew Syriac and perhaps some Greek 
and was well acquainted with Graeco-Hellenistic scientific 
and philosophical works. For some time he was held in 
à esteem in court but spent the last part of his life in 


Al-Kindi was the first of the Muslim philosopher-scientists. 
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His interest was encyclopedic. He wrote about two hundred 
seventy treatises, most of which are now lost, in logic, 
philosophy, physics, all branches of mathematics as well as 
music, medicine and natural history. He was the founder of 
the Islamic Peripatetic school of philosophy and was highly 
respected in the medieval and Renaissance West to the extent 
that he was considered as one of the judices of astrology and 
Cardano called him one of the twelve great intellectual figures 
of humanity. His immediate students were well-known geog- 
raphers and mathematicians, while his philosophic influence 
is to be seen directly in the writings of al-Farabi and later 
Muslim Peripatetics. 


Hunain ibn Ishaq (194/810—263/877) 


‘Hunain, the Latin Joannitius, was one of the Christian 
scholars who made an important contribution to the rise of 
Islamic sciences as translators and transmitters of the Greek 
Sciences. He was born in Hira, his father having been an 
apothecary. He studied in Jundishapur and Baghdad under 
the well-known physician Ibn Masawaih (Mesue Senior), 
and journeyed to Anatolia to complete his knowledge of 
Greek. He and his immediate students, including his son and 
nephew, made the most exact and correct translations of 
Greek and Syriac texts into Arabic and played a major role 
in the sudden rise of interest by Muslims in the Graeco- 
Hellenistic sciences. Hunain himself was an outstanding 
physician whose works were cited as authority by later 
Muslim authors. He also wrote on astronomy, meteorolgy 
and especially philosophy. His Aphorism of Philosophers 
was well known in the West in its Hebrew version and he is 
especially noted for his study and translation of the philoso- 
phy of Galen. 


Thabit ibn Qurrah (211/826 or 221/836—288/901) 


Thabit hailed from the community of Sabaens in Harran, 
where there was a religious cult centered around the symbolism 
of the planets. This cult, much interested in the Pythagorean 
mathematical and mystical tradition, survived well into the 
Islamic period. Like many members of this community 
Thàbit was well versed in mathematics and astronomy. Due 
to religious differences with his community he set out for Bagh- 
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dad and was fortunate in meeting on the way the influential 
mathematician, Muhammad ibn Misa ibn Shàkir, who, recog- 
nizing his ability, took him under his patronage. Thabit soon 
gained fame in Baghdad and became the court astronomer. 

Thàbit was a major translator, almost as important as 
Hunain, and, like him, he wrote lasting works in medicine 
and philosophy. In addition he wrote many treatises on 
astronomy, number theory, physics and other branches of 
mathematics that exercised an immense influence on Muslim 
scientists. The echo of his scientific views, especially regarding 
the theory of "trepidation," was heard throughout the Middle 
Ages in the West. 


Muhammad ibn Misa al-Khwarazmi (d. c.249/ 863) 


Al-Khwaàrazmi, the first outstanding Muslim mathematician 
with whom the history of this subject among Muslims prop- 
erly begins, was born in Khwarazm (usually written as 
Khwarizm in most European sources), the modern Khiva. 
Little is known of his life except that he spent some time in 
Baghdad and it is said by some later historians that he 
journeyed to India to master the Indian sciences. He became 
a well-known scientist at the court of al-Ma»mün and par- 
ticipated in measuring the degree of arc in the company of 
astronomers commissioned by al-Ma»mün for this task. 

The writings of al-Khwarazmi, which represent his own 
works as well as the synthesis of the mathematical works of 
the generation before him, had an immense influence, more 
than that of any other single mathematician. His Algebra 
(al-Jabr wa?l-muqabalah) , the first Muslim work on Algebra, 
gave its name to this science in both East and West. He 
introduced the Indian numerals into the Muslim world and 
through his work on arithmetic, the West came to know of 
the numerals which it calls “Arabic.” He wrote the first 
extensive Muslim work on geography revising much of 
Ptolemy and drawing new geographical and celestial maps. 

I$ astronomical tables are among the best in Islamic 
astronomy. His influence is attested to by the fact that 

gorism, the latinization of his name, al-Khwarazmi, for a 
‘Ong time meant arithmetic in most European languages and 
18 used today for any recurring method of calculation which 

as become an established rule. It has even entered into the 
technical vocabulary of modern computation techniques. 
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Muhammad ibn Zakariyà al-Ràzi (c.251/865—313/925) 


Al-Razi, the Latin Rhazes, sometimes called "the Arabic 
Galen," is the greatest clinical physician of Islam, well known 
in both the West and the East. His authority in medicine 
has been second only to that of Avicenna whom he excelled 
in his observational powers. Rhazes, as his name bears out, 
was born in Rai where he spent the first part of his life. 
He is said to have been a lute player who, at the age of 
thirty, turned from music to alchemy. Then, as a result of 
the weakening of his eyesight, relatively late in life, he 
devoted his whole attention to medicine in which he seems 
to have been interested even in his earlier years. He studied 
medicine and perhaps philosophy with ‘Ali ibn Rabban al- 
Tabari. Soon he became the director of the hospital at Rai 
and later functioned in the same capacity in Baghdad. Stu- 
dents flocked to him from near and far, and he was respected 
both for his knowledge and kindness toward students and 
patients. He wrote and studied continuously until he went 
blind whereupon he returned to Rai to pass the rest of 
his days 

Al-Birüni, who made a special study of the writings of 
Rhazes, mentions one hundred eighty-four works. Most of 
these are lost, especially the philosophical ones of which only 
a few survive. Of the medical works the most important one 
is Continens (al-Hàwi) so well known in the Latin Occident. 
It is the longest single Islamic work on medicine and contains 
many of Rhazes own observations. His masterpiece The 
Treatise on Smallpox and Measles (known in Latin as De 
Pestilentia or De Peste) was read in medical circles in the 
West until the modern period. His alchemical works, especially 
the Secret of Secrets, have been also well known. His philo- 
sophical and ethical works, however, were never known to 
the West and in the East met with severe criticism from both 
the theologians and Peripatetic philosophers because of their 
"anti-prophetic" sentiment. His influence in the Islamic world 
as well as in the West has been primarily in the fields of 
medicine and alchemy. In both of these fields he was recog- 
nized as one of the indubitable masters. 


Abü Nasr al-Farabi (c.258/870—339/950) 


Al-Farabi, the Latin Alpharabius, the second outstanding 
Peripatetic philosopher after al-Kindi, was born in Farab 
in Transoxiana where he spent the first half of his life. His 
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father was a general and afforded him the opportunity to 
study with the best teachers. His early training was in 
religious sciences and languages in which he was very pro- 
ficient. Later historians record his having known nearly 
every language. This means that most likely he knew many; 
certainly Arabic, Persian and Turkish, and probably some 
of the Central Asiatic dialects and local languages. Later 
in life he became interested in philosophy and the sciences 
but, unlike many similar figures in Islamic history, not in 
medicine. He set out for Baghdad, then the center of learn- 
ing, where he studied logic with the Christian Abū Bishr 
Matta ibn Yünus, the undisputed master in the field. Later 
he became himself the greatest authority in logic and trained 
such famous logicians and philosophers as the Christian 
philosopher Yahya ibn «Adi. After twenty years in Baghdad, 
al-Farabi set out for the court of Saif al-Daulah in Aleppo 
where he spent the rest of his days and where he died much 
respected and honored. 

Al-Farabi was the first person in Islam to classify com- 
pletely the sciences, to delineate the limit of each, and to 
establish firmly the foundation of each branch of learning. 
He was for this reason called the "Second Teacher," the 
first having been Aristotle who accomplished this same task 
in ancient times and set the precedent for the Muslim philoso- 
phers. Al-Farabi is also the first great Muslim commentator 
on Aristotle. Of the seventy works of al-Faràbi cited, half 
are devoted to logic, of which he was the real founder in 
Islam, including the commentary or paraphrasing of the 
whole of the Organon of Aristotle. His commentary on the 
Metaphysics helped Avicenna understand that work. He 
Wrote independent works on physics, mathematics, ethics and 
political philosophy of which he was again the founder in 
ii - He was a practicing Sufi and the spirit of Sufism runs 

oughout his works. He was also one of the foremost 
medieval theoreticians of music and some of his musical 
Works have survived in the rites of Sufi brotherhoods, espe- 
cially those in Anatolia, until modern times. 


Abwl-Hasan al-Mas‘idi (d. 345/956) 


al One of the outstanding historians and scientists of Islam, 
“Mas ‘Odi was born near Baghdad. He was a world traveler, 

3 ving journeyed through Persia, Central Asia, India, and 
Near East and, according to traditional accounts, having 
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sailed through the China Sea and to Madagascar. The last 
ten years of his life were spent first in Syria and then in 
Egypt where he died. 

Al-Mas-üdi belongs to the tradition of universal historians 
like al-Tabari and al-Yacqibi. His Meadows of Gold and 
Mines of Precious Stones is a notable work of its kind. It 
shows al-Mas‘idi as historian, geographer, geologist, and 
natural historian. Its pages contain many valuable scientific 
observations. Late in life al-Mas-üdi composed his Book of 
Indication and Revision which summarizes his philosophy of 
Nature and is the synthesis of his observations on Nature and 
history. Al-Mas‘iidi also wrote works on philosophical and 
theological questions but it is upon the two major surviving 
Works on history and natural history that his reputation as a 
scholar and scientist depend. These are sufficient to make 
him one of the encyclopedic figures in Islamic science, one 
whose innate thirst for knowledge led him to the examination 
of nearly every form of science and the observation of many 
pertinent aspects of both human and natural history. 


Abit ‘Ali al-Husain ibn Sind (370/980—428/ 1037 ) 


Ibn Sina, the Latin Avicenna, whose compatriots have 
given him the honorific title Shaikh al-r@is, “Leader among 
Wise Men,” is the greatest philosopher-scientist of Islam 
and its most influential figure in the general domain of the 
arts and sciences. Born near Bukhara in a family devoted to 
learning he received an excellent education, especially after 
the family moved to the city of Bukhara itself. His father 
acquired the best teachers in every domain for his remarka- 
bly precocious son who at the age of ten had already mastered 
grammar, literature and even some theology and knew the 
Quran by heart. At the age of eighteen he had mastered all 
the sciences of his day. At the end of his life he wrote that 
he knew then only what he had learned in his youth. 

Because of changing political conditions in Central Asia and 
the death of his father, Avicenna left his birthplace and set 
out for the different cities of Persia beginning a life of 
wandering which continued to his last days. Already well 
known as a physician whose services were sought by all, he 
found willing patrons everywhere. He stayed in Rai, then 
for some time in Hamadan where he even became vizier 
and encountered political difficulties, and Isfahan where he 
had a relatively long period of peace. In all these cities he 
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acted as physician to«the Buwayhid princes who then ruled 
Persia. Finally anticipating his own death he returned to 
Hamadan where he died and where his mausoleum is 
found today. 

Avicenna was a man of enormous energy. Although living 
in turbulent times and often occupied with state matters 
he wrote two hundred fifty works of different lengths, some 
of which were actually dictated on horseback while accom- 
panying a ruler to some battle. His power of concentration 
and mental acumen have become proverbial in the East. Of 
his works the best known is first the Canon of Medicine 
which is the epitome of Islamic medicine, taught to this day 
in the Orient. It was translated into Latin and taught for 
centuries in Western universities, being in fact one of the 
most frequently printed scientific texts in the Renaissance. 
The second is his monumental encyclopedia, The Book of 
Healing (Kitab al-shifà»). It marks the high point of Peri- 
patetic philosophy in Islam and also contains important 
chapters on logic, and mathematical and natural sciences. 
Sections of this work were translated into Latin in the 
sixth/twelfth century, first as part of the Incunabula and 
later as a separate work. Since the word al-shifa@ resembles 
the Hebrew word shef‘a meaning abundance or sufficiency, 
and the work reached Latin through Hebrew, the title in 
Latin became Sufficientia, Moreover, only parts of the Physics 
became known as the Sufficientia whereas the other sections 
of the book gained independent titles. The section on geology 
and mineralogy for example became known as De Mineralibus 
and was attributed to Aristotle until modern times. 

The influence of Avicenna on both East and West was 
immense. In the Islamic world his spirit has dominated the 
intellectual activity of all later periods while his philosophy 
and medicine have continued as a living influence to the 
present day. In the West he became known as the "Prince 
of Physicians” and dominated medical science for centuries 
while his scientific, philosophical and theological views left 
their mark upon many important figures such as Albertus 
Magnus, St. Thomas, Duns Scotus and Roger Bacon. 


Abū «Ali al-Hasan ibn al-Haitham (c.354/965—430/ 1039) 


Ibn al-Haitham, the greatest of Muslim physicists, known 
to the West as Alhazen, was born in Basra where he studied 
mathematics and other sciences. At that time the Fatimid 
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dynasty of Egypt showed much interest in the sciences, and 
Alhazen was invited to come to Egypt to study the possibility 
of controlling the Nile floods. Having accepted the task, he 
set out for Egypt where he was received with much honor. 
But after failing to come up with a flood-control plan, he 
fell into disgrace and to protect himself from the wrath of 
the ruler began to feign insanity. For the rest of his life he 
lived quietly, often copying mathematical manuscripts to earn 
his living. He finally died in Cairo. 

Alhazen is known to have written nearly two hundred 
works on mathematics, physics, astronomy and medicine, as 
well as on other scientific subjects. He also wrote commen- 
taries on Aristotle and Galen. Although he made major 
contributions to the fields of mathematics and astronomy 
it is especially in the domain of physics that he made his 
outstanding achievements. He was an exact observer and 
experimenter as well as a theoretician. His major work, 
Optics, is the best medieval work of its kind, a work that 
influenced the optical writings of Roger Bacon, Witelo and 
Kepler in the West, and many later treatises by Muslim 
scientists. Alhazen also made significant contributions to 
the study of the anatomy and diseases of the eye. 


Abii Raihan al-Birüni (362/973-c.442/1051) 


Some have considered al-Birüni as the greatest Muslim 
scientist. Certainly he is among the foremost intellectual 
figures of Islam. Born near Khwarazm he studied mathe- 
matics with a student of the famous Abwl-Wafà» and became 
proficient in it. Later he journeyed extensively in the northern 
regions of Persia and when Mahmüd of Ghazna conquered 
Central Asia, he joined the services of this powerful ruler. He 
even accompanied him in his conquest of India which en- 
abled him to observe this land firsthand. After this, al-Birüni 
returned to Ghazna where he lived the rest of his days 
writing and studying to the very end of his prolific life. 

Every one of al-Birüni's writings, of which about one hun- 
dred eighty are known, is of value since he was both a 
great scientist and scholar. His India is the best account of 
the Hindu religion and of the sciences and customs of India 
in medieval times. His Chronology of Ancient Nations dealing 
with the calendar and festivities of different nations is unique. 
His Canon of al-Mas‘idi dedicated to Mahmüd of Ghazna's 
son, Mas-üd, holds the same position in Islamic astronomy 
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as the Canon of Avicenna does in medicine while his Ele- 
ments of Astrology was the standard text for the teaching of 
the Quadrivium for centuries. He also wrote outstanding 
works on physics, mathematical geography, mineralogy and 
nearly every branch of mathematics, astronomy and astrology. 
No one in Islam combined the qualities of an outstanding 
scientist with that of a meticulous scholar, compiler and 
historian to the same degree as al-Birüni. His only misfortune 
as far as his later influence is concerned was that his works 
were never translated into Latin. In the East he has always 
been respected as both a scientist and scholar. 


Abwl Qasim Maslamah al-Majriti (d. c.398/ 1007) 


Little is known of the life of this Andalusian scientist who 
was one of the first to introduce the study of the sciences, 
especially mathematics and alchemy, to the western part 
of the Islamic world. It is known that he was born in Madrid 
and later moved to Cordova where he established a school 
in which such figures as the historian Ibn Khaldün and the 
physician al-Zahrawi were to study later. He was also respon- 
sible for spreading the Epistles of the Brethren of Purity, an 
encyclopedia of knowledge with a Pythagorean tinge which 
had just become popular in the East, in Andalusia. Some 
attribute to him the treatise that summarizes the contents 
Of the fifty-two Epistles. Although he wrote on astronomy 
and mathematics and in fact commented on the tables of 
al-Khwarazmi, his most important works are on alchemy. 
The Sage's Step and The Aim of the Wise, two of the best- 
known works in Islamic alchemy, are either by him or 
directly inspired by his teachings. The latter was translated 
into Latin as Picatrix and became a mainstay of alchemical 
literature in the West. 


Abū Hamid Muhammad al-Ghazzali (450/1058—505/1111) 


Al-Ghazzali (the Latin Algazel) was not a scientist or 
philosopher in the usual sense, yet he left such a profound 
mark upon the intellectual life of Islam that no account of 
the history of Islamic science can be adequate without a 
discussion of his role. Born in Tus, where early in life he was 
introduced to the teachings of Sufism, he went to Naishapur 
to study theology with al-Juwaini. He became so famous as 
a theologian and scholar of religious sciences that at a young 
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age he was called to Baghdad to occupy a chair in the fore- 
most university of that time, the Nizamiyah. But here, as a 
result of close study of both philosophical and scientific 
works, al-Ghazzali underwent a deep spiritual crisis. He left 
his post and renounced his worldly position, finally finding 
the light of certainty in Sufism. After a period of self- 
discipline and ascetic practices during which he became him- 
self an outstanding Sufi master, al-Ghazzali returned to 
society. He went first to Naishapur where he taught for a 
while and finally retired to Tus with a few choice disciples. 

His most important religious work is The Revivification of 
the Religious Sciences, which is the most outstanding Muslim 
work on spiritual ethics. Al-Ghazzali also wrote on logic and 
philosophy. His importance in this domain, however, is not 
in exposition but in criticism. In The Purposes of the 
Philosophers he summarized Peripatetic philosophy so well 
that when this work was translated into Latin, he became 
known in the West as an authority on Peripatetic philosophy. 
The Purposes of the Philosophers served as the preparation 
for his severe criticism of the philosophers in The Incoherence 
of the Philosophers where he attacked the rationalistic ten- 
dencies inherent in Aristotelian philosophy and criticized some 
of the views of Avicenna and al-Farabi. Because he was an 
outstanding figure personally and a forceful wrifer as well, 
he succeeded in curtailing the influence of Peripatetic philos- 
ophy in Islam, particularly in the Sunni world. At the same 
time he legitimized the teaching of Sufism in formal religious 
circles. Through these two important steps he helped more 
than any other single individual to bring about the intellectual 
transformation that took place in the Islamic world during 
the sixth/twelfth century. He is in every way one of the 
most notable religious and intellectual figures of Islam. 

f 


Abwl-Fath ‘Umar ibn Ibrahim al-Khayyümi (Omar Khayyam) 
(b. 429/ 1038-440/ 1048, d. 517/1123-526/ 1132)! 


‘Umar Khayyam, the most famous Persian poet in the 
West, was also among the most notable scientists of the 
medieval period. Practically nothing is known of his life 
save that he was born near Naishapur where he spent most of 
his days and died in that city. His tomb is there and, to this 
day, is visited by people from near and far. In 467/1074—75 
i There is so little known of the life of Khayyam that the date of both his 


birth and death are contested by scholars, the date of death varying by as 
much as twenty years. 
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he was already a famous mathematician and was called in 
by Malikshàh to reform the calendar. This calendar, known 
as the Jalàli calendar, is still in use in Persia and is more 
accurate than the Gregorian. Khayyàm was highly respected 
by his contemporaries as a master of the sciences although 
he wrote little and accepted few students. In one of his 
treatises he calls himself a student of Avicenna, but since he 
lived much later this could only mean that he considered 
himself as belonging to the school of Avicenna and, in fact, 
he translated one of Avicenna's works from Arabic into 
Persian. 

About a dozen treatises of Khayyám's on philosophy and 
science have survived, the most important being his Algebra 
which is the best work of its kind in medieval mathematics. 
He also wrote on geometry and physics as well as on metaphysi- 
cal questions. His Quatrains translated beautifully, although 
somewhat freely, by Fitzgerald have made him the best 
known literary figure of the East in the West. But they have 
also depicted him as the chief propagator of the philosophy 
of "live, drink and be merry," whereas in reality he was a 
Sufi and a gnostic. He wrote his quatrains, not as a denial 
of the possibility of attaining certitude, but as a corrective 
for the kind of religious hypocrisy that mistakes relative forms 
for the Absolute Truth which the forms are meant to convey. 
Behind the apparent skepticism of Khayyam lies the absolute 
certainty of intellectual intuition. In the Islamic world the 
influence of Khayyàm was foremost in the domain of mathe- 
matics and his philosophical position was judged by his meta- 
physical and philosophical treatises. These show him to be 
a true hakim as do his quatrains which contain spontaneous 
reflections upon different aspects of human existence and, 
if seen in the correct light, confirm rather than deny the 
gnostic background of his thought. Khayyàm is perhaps the 
only figure in history who was both a great poet and an 
outstanding mathematician. Islam has produced a few other 
figures who have been accomplished in both domains but 
none with the brilliance of Khayyam. 


Abw!-Walid Muhammad ibn Rushd (520/1126-595/ 1198) 


Ibn Rushd, or Averroes, the purest Aristotelian among 
Muslim philosophers, was born in Cordova of an illustrious 
family of judges and religious scholars. He studied law and 
medicine in Cordova and later journeyed to Marrakesh to con- 
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tinue his studies. He became an authority in religious law 
and medicine, as well as in philosophy. He was a judge in 
Seville and Cordova and also the personal physician of the 
caliph. Later in life he was attacked for his philosophical views, 
but was reinstated into a position of honor at court a short 
while before his death. 

Averroes was the greatest medieval commentator on 
Aristotle. St. Thomas called him “the Commentator" and 
Dante referred to him as “he who made the grand com- 
mentary." According to H. A. Wolfson, one of the leading 
authorities on medieval philosophy and particularly on the 
commentaries of Aristotle, there are altogether thirty-eight 
commentaries by Averroes on different works of Aristotle 
in addition to short treatises devoted to particular aspects of 
Aristotelian philosophy. Averroes usually wrote a short, a 
medium-length and a long commentary on every subject he 
dealt with in conformity with the method of teaching in 
traditional schools. Upon five works of Aristotle, including 
the all-important Physics and Metaphysics, all three of 
Averroes’ commentaries have survived. In addition, Averroes 
wrote independent works on astronomy, physics, and medi- 
cine. He sought to answer al-Ghazzali’s attack on philosophers 
in his The Incoherence of the Incoherence. However, this 
work did not have as much influence in the' Muslim world 
as al-Ghazzali’s original attack. In fact as far as the world of 
Islam is concerned the influence of Avicenna was greater 
than that of Averroes. 

In the West, however, Averroes must be considered as 
the most influential Muslim thinker. In fact, most of his 
works survive today in Latin and Hebrew versions rather 
than the original Arabic. He was translated not only in the 
seventh/ thirteenth century into Hebrew and Latin but once 
again in the tenth/sixteenth century when his commentaries 
attracted new attention and became the subject of heated 
debate. Altogether, however, his image in the West as the 
opponent of revealed religion does not conform to his real 
nature and there is a difference between Averroes as a 
Muslim philosopher and the "Latin Averroes" seen in the 
West through a misunderstanding of some of his teachings. 


Nasir al-Din al-Tüsi (597/1201—672/ 1274) 


If we consider the whole domain of the arts and sciences 
and philosophy together, then no doubt after Avicenna the 
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most dominant figure is Nasir al-Din al-Tüsi. Others like 
al-Birüni displayed the same universal scientific genius but no 
one except Avicenna was able to leave a permanent imprint 
upon so many fields as Nasir al-Din. Born in Tus, Nasir 
al-Din studied mathematics with Kamal al-Din ibn Yünus 
and gained fame as an astronomer. At a time when Khurasan 
was being threatened by the Mongol invasion and there was 
much political uncertainty, Nasir al-Din began his career in 
the service of some of the Ismaili princes. When Hulagu con- 
quered Persia, Nasir al-Din, knowing that there was no way 
of preventing massive destruction, tried to salvage all that 
was possible by rendering his services as an astrologer and 
astronomer to Hulagu. In this way he gained the Mongol 
rulers confidence and saved many libraries and educational 
institutions. He was put in charge of religious endowments 
and was able to induce Hulagu to establish the Maragha 
Observatory and scientific institution. As its director he 
brought mathematicians from near and far to this center and 
was personally responsible for the revival of the study of as- 
tronomy and mathematics in Islam. He spent most of his later 
years in Maragha and then at the end of his life went to 
Kazimain near Baghdad where he .died and was buried next 
to the tomb of Misa al-Kàzim, the seventh Shiite imam. 
Nasir al-Din was a prolific writer in both Arabic and Per- 
sian. He wrote commentaries on the whole cycle of Greek 
mathematical texts from Euclid to Ptolemy. He also wrote 
independent works in both mathematics and astronomy in 
which he criticized Ptolemy and even proposed a new plane- 
tary model. He also participated in the compilation of the 
astronomical tables in Maragha named after the Ilkhanids. 
Nasir al-Din is the author of several definitive works on 
Ismaili doctrines written when he was in their hands. He re- 
vived the philosophy of Avicenna by answering the attacks 
made against him by theologians. He is the author of the 
Nasirean Ethics, the most widely read work of ethics in the 
Persian language. Being a twelver Shiite he also wrote several 
works on Shiite theology including the Catharsis (Tajrid), 
which is the most famous work of its kind and is still studied 
in all Shiite religious schools. Moreover, Nasir al-Din com- 
Posed an excellent treatise on Sufism and even wrote a few 
verses of poetry. In practically every field from theology and 
philosophy to mathematics and astronomy he left outstanding 
works. His influence in the Islamic world, particularly the 
eastern part of it, has been immense. In the West, however, 
Only his astronomical and mathematical works were trans- 
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lated, but they became quite important and influential during 
the late Middle Ages and the Renaissance. 


Qutb al-Din al-Shirazi (634/ 1236-710/ 1311) 


Qutb al-Din, the most celebrated student of Naşir al-Din 
al-Tüst, was born in Shiraz in a family of physicians. There 
he received his early education in medicine and also became a 
Sufi through the influence of his father. Then he set out for 
Maragha where he studied with Nasir al-Din who advised 
him to study mathematics and astronomy. He traveled 
throughout Persia, Syria and Asia Minor where he studied 
Sufism with Sadr al-Din al-Qunawi, the disciple of the famous 
Ibn <Arabi, in Konya. Later he journeyed to Egypt where he 
stayed for some time and then returned to Persia, settling in 
Tabriz where he died. 

Qutb al-Din is one of the major commentators on Avi- 
cenna’s medical works. He wrote one of the most widely read 
commentaries upon the Canon, and also composed numerous 
works on optics, geometry, astronomy, geography, philosophy 
and the religious sciences. He is the best known commenta- 
tor on the Illuminatist doctrines of Suhrawardi, and was him- 
self the author of several encyclopedic works that deal with 
many important physical and astronomical questions. Like 
most of the later figures of Islamic history, although famous 

- in the East, he was not known in the West. 


‘Abd al-Rahman Abū Zaid ibn Khaldün (732/1332- 
808/1406) 


Itn Khaldün, whose significance as a "philosopher of his- 
tory" and master of the science of human behaviour has 
been discovered only recently, belonged to a family that had 
come originally from the Yemen and settled in Spain. He 
himself was born in Tunis where he studied both the religious 
and philosophical sciences, being particularly interested in the 
teachings of Nasir al-Din al-Tüsi. He became a royal secretary 
at the court of many different princes, thus traveling 
throughout North Africa and Spain. Then he set out on a 
pilgrimage, stopping on the way in Cairo where he lectured 
for a while at al-Azhar. He even accompanied the Mamluk 
ruler of Egypt to Damascus in the campaign against Tamer- 
lane and helped negotiate the surrender of that city. Finally 
he established himself in Cairo where he died. 
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Ibn Khaldün, in a career which was continuously con- 
nected with positions of political power, developed into a 
keen observer of the political life of his times. His sense of 
observation and his philosophical and metaphysical training 
enabled him to become an outstanding student of the science 
of man. He wrote on mathematics, theology and metaphysics, 
but his outstanding work is as a historian. His Kitab al-<ibar 
whose full title can be translated as Instructive Examples and 
Records of Origins and Events concerning the History of the 
Arabs, Persians, Berbers and their contemporaries who pos- 
sessed Great Powers, besides containing an excellent history 
of North Africa begins with the Muqaddimah or Pro- 
legomena upon which Ibn Khaldün's particular fame is based. 
In this work he analyzes the causes for the rise and downfall 
of civilizations and cultures and makes especially pertinent 
comments on Islamic civilization. Besides summarizing the 
Sciences, he also discusses the reasons for their cultivation in 
particular periods and the lack of interest in them in others. 
This work marks Ibn Khaldün as one of the masters of the 
science of man and human culture. 


Bah@ al-Din al-tAmili (953/1546—1030/ 1621) 


Even in Islamic civilization Baha al-Din al-<Amili is re- 
markable for his many-sided genius. He was born in Baalbek 
in present-day Lebanon into a well-known Shiite family. At 
the age of thirteen, his father took him to Persia which, under 
the Safavids, was now beginning to attract Shiite scholars 
from near and far. He studied in Qazwin and Khurasan and 
became a famous religious scholar as the shaikh al-islam, 
that is to say the chief religious authority in the country, of 
Isfahan, the Safavid capital. At the same time he was a 
fervent, practicing Sufi-and he composed many Sufi works in 
both Persian and Arabic which are still very popular. He be- 
came one of the most famous men of the Safavid renaissance 
and resided in Isfahan until the end of his life when he went 
to Meshed where he died and lies buried today. His tomb, 
like that of Nasir al-Din, is visited by the pilgrims who flock 
regularly to the Shiite shrine cities, such as Meshed and 
Kazimain. 

Baha? al-Din was not only a theologian and a Sufi, but also 
a well-known mathematician, architect, alchemist and au- 
thority on the occult sciences. He revived the study of mathe- 
matics and wrote treatises on mathematics and astronomy to 
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summarize the works of earlier masters. He was the last relig- 
ious scholar in Islam who was also a notable mathematician. 
Henceforth the teaching of mathematics deteriorated in of- 
ficial religious schools in Persia as it had done somewhat 
earlier in the western lands of Islam. After Baha al-Din 
gnostics and philosophers continued to appear, like his own 
student, Sadr al-Din al-Shirazi, who is the greatest of the 
later Muslim philosophers. But Baha> al-Din was perhaps 
the last of the universal figures of learning in Islam, whose 
genius touched every field of knowledge from gnosis and 
theosophy to architecture and landscape design, and who in 
this way personified, like his predecessors, the ideal of the 
unification of knowledge which Islam has always sought to 
propagate and realize. 


CHAPTER TWO 


THE BASIS OF THE 
TEACHING SYSTEM AND THE 
EDUCATIONAL INSTITUTIONS 


_A. The Classifications of the Sciences 


THE ISLAMIC CLASSIFICATION of the sciences is based upon a 
hierarchy which has over the centuries formed the matrix and 
background of the Muslim educational system. The unity of 
the sciences has throughout been the first and most central in- 
tuition, in the light of which the different sciences have been 
studied. Starting from this unarguable intuition of the unity 
of various disciplines, the sciences have come to be regarded 
as so many branches of a single tree, which grows and sends 
forth leaves and fruit in conformity with the nature of the 
tree itself. Just as a branch of a tree does not continue to 
grow indefinitely, so any discipline is not to be pursued be- 
yond a certain limit. The medieval Muslim authors regarded 
the pursuit of any particular branch of knowledge beyond its 
limits—thereby destroying the harmony and the proportion of 
things—as a useless, one might even say illegitimate activity, 
such as would be true of a branch of a tree which, by con- 
tinuing to grow indefinitely, would end by destroying the 
harmony of the tree as a whole. The means whereby the pro- 
Portion and hierarchy of the sciences were preserved was 
through their classification to which Muslim scholars devoted 
so much attention: In this manner the scope and position of 
each science within the total scheme of knowledge was always 
kept in view. 
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1. AL-FARABI AND THE CLASSIFICATION 
OF THE SCIENCES 


Among Muslim scholars, attempts to classify the sciences 
began as early as the third/ninth century with al-Kindi, and 
multiplied thereafter. At first based on the Aristotelian di- 
vision of the sciences into theoretical, practical, and produc- 
tive, as described in Porphyry’s Isagoge, these systems of 
classification became progressively more elaborate. Islamic 
disciplines were added to the ancient sciences, and religious 
and metaphysical knowledge in the sense of gnosis came to 
occupy the highest levels. 

One of the earliest and most influential classifications was 
that of al-Farabi, contained in his Enumeration of the Sci- 
ences (Ihs@ al-:ulüm) known in the West as De Scientiis, 
from the Latin translation by Gerard of Cremona, as well as 
in a Hebrew translation. Although partly eclipsed by his suc- 
cessor Avicenna, al-Farabi left his imprint upon most of the 
Muslim thinkers who followed him, as can be seen from the 
fact that his classification of the sciences was adopted, with 
only minor changes, by Avicenna, al-Ghazzali, and Averroes. 

Curiously enough, although al-Farabi himself wrote trea- 
tises on alchemy, the interpretation of dreams, and other 
esoteric sciences, he did not include them in his classification. 
In this respect, he was followed by the more rationalistic phi- 
losophers of the later centuries. l 

His classification, according to the Enumeration of the 
Sciences, may be summarized as follows: 


I. Science of language: syntax 
grammar 
pronunciation and speech 
poetry 


TI. Logic: the division, definition and composition of simple 
ideas [corresponding to the content of the Jsagoge 
of Porphyry, and the Categories and On Interpre- 
tation of Aristotle.] The parts of logic after the 
terms have been defined are five: 

1. Necessary conditions for premises which would lead 
in a syllogism to certain knowledge [corresponding to 
the Posterior Analytics of Aristotle] 

2. Definition of useful syllogisms and the means of dis- 
covering dialectical proofs [corresponding to the Topics 
of Aristotle] 
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3. Examination of errors in proofs, and of omissions and 
mistakes committed in reasoning, and the ways of 
escaping them [corresponding to the On Sophistic Refu- 
tations of Aristotle] 

4. Definition of oratory: syllogisms used to bring a dis- 
cussion before the public [corresponding to Aristotle's 
Rhetoric] 

5. Study of poetry; how it should be adapted to each 
subject; its faults and imperfections [corresponding to 
Aristotle's Poetics] 


III. The propaedeutic sciences: 
1. Arithmetic practical 
theoretical 
2. Geometry practical 
theoretical 
3. Optics 
4 


. Science of the heavens Astrology 
motions and figures of the 
heavenly bodies 
5. Music ] practical 
theoretical 
6. Science of weights 
7. Science of tool-making (the making of simple ma- 
chines and instruments for use in various arts and 
Sciences, such as astronomy and music) 


IV. Physics (sciences of nature) 
Metaphysics (science concerned with the Divine and the 
principles of things) 
Physics: 
1. Knowledge of the principles which underlie natural 
bodies 
2. Knowledge of the nature and character of the elements, 
and of the principle by which they combine to form 
bodies 
. Science of the generation and corruption of bodies 
. Science of the reactions which the elements undergo 
in order to form compounds 
. Science of compound bodies formed of the four ele- 
ments and their properties l 
. Science of minerals 
. Science of plants 
. Science of animals 
Metaphysics: 
1. Knowledge of the essence of beings 
2. Knowledge of the principles of the particular and ob- 
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servational sciences (the "first philosophy" of Aris- 
totle) 

3. Knowledge of noncorporeal beings, their qualities and 
Characteristics, leading finally to the knowledge of the 
Truth, that is, of God, one of whose names is the 
Truth 

V. Science of Society: 


1. Jurisprudence 
2. Rhetoric! 


2. IBN KHALDUN AND THE CLASSIFICATION 
OF THE SCIENCES 


Early attempts to classify the sciences were followed with 
some modification and elaboration during the next century by 
Avicenna in The Book of Healing and his Treatise on the 
Classification of the Intellectual Sciences, as well as by the 
Brethren of Purity in their well-known Epistles. Moreover, 
the tradition of composing works on the classification of the 
Sciences and the description of each science gradually became 
further enhanced, as the various sciences became more de- 
veloped. This can be seen in The Book of Sixty Sciences by 
the sixth/twelfth-century theologian, Fakhr al-Din al-Razi 
in which, as the name indicates, sixty sciences are mentioned 
and described. The most complete and detailed study of the 
sciences and their classification, however, appears in the writ- 
ings of the authors of the eighth/fourteenth to the eleventh/ 
seventeenth century, such as the Happiness of Tashkubra- 
Züdah; the neglected Persian encyclopedia of Shams al-Din 
al-Amuli, called Precious Elements of the Sciences; the Clari- 
fication of Doubts of Hajji Khalifah, and the well-known 
Introduction to History (Muqaddimah) of Ibn Khaldün, which 
contains one of the best descriptions and classifications of the 
Muslim sciences. 

Coming at the end of the most active period of Islamic 
history, Ibn Khaldün's analysis of the sciences represents 
the results of the reflection upon and acute observation of, a 
whole epoch of history by a profound Muslim scholar and 
historian who, in a sense, stood outside it. 

1 See al-Fārābī, Catálogo de las ciencias, edición y traducción castellana 
por Angel Gonzales Palencia (2d ed. Madrid: Publicaciones de la Facul- 
tad de Filosofia y Letras, Universidad de Madrid, 1953), passim. 
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In his Introduction to History, Ibn Khaldün also surveys 


the arts and sciences of the Islamic world, defining the aim _ 


and scope of each discipline. Although his Introduction was 
not itself universally read during the later periods, his clas- 
sification contains in summary fashion the plan according to 
which the arts and sciences have, in fact, been studied in 
most religious Islamic schools during the past several cen- 
turies. Even if many of these schools, especially in the Sunni 
world, have not studied all the subjects enumerated by Ibn 
Khaldün, they have usually accepted the principles of his 
classification, which can be considered the final version of the 
Islamic division of the sciences. 

Ibn Khaldün's division may be summarized as follows: 


Sciences studied 
in the 
Islamic world: 


philosophical and intellectual (such 
as can be learned by man naturally 
through the use of his innate reason 
and intelligence); 

transmitted (such as can be learned 
only by transmission, going back ulti- 
mately to the founder of the science 
and in the case of religious sciences 
to the origin of the Revelation) 


Philosophical or Intellectual Sciences: 


1. Logic 

2. Natural sciences 
or Physics: 

3. Sciences of beings 
beyond Nature, or 
Metaphysics: 


4. Sciences dealing 
with quantity: 


Transmitted sciences: 


Medicine 

Agriculture 

Magic and talisman; T 

Science of the occult properties of 
letters of the alphabet; 

alchemy 

Geometry (plain and spherical op- 
tics); 

Arithmetic (property of numbers, art 
of calculation, algebra, commercial 
transactions, calculation of inheri- 
tance); 

Music; 

Astronomy (the making of astronom- 
ical tables, motion of heavenly bod- 
ies, astrology) 


1. Quran, its interpretation and recitation 
2. Hadith, the sayings of the Prophets and their chain of 


transmission; 


3. Jurisprudence, sacred law; 
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4. Theology; 

5. Sufism (al-tasawwuf); 

6. Linguistic sciences, such as Grammar, Lexicography, and 
Literature? 


Not all of the sciences enumerated above have always been 
taught in all of the institutions of learning which have con- 
stituted the most formal and official educational organizations 
in the Islamic world. But they have been transmitted from 
one generation to another through either formal instruction 
or private teaching, and they must therefore be regarded as a 
part of the intellectual life of Islam. It is, needless to say, im- 
possible to give examples of all of these sciences in this book, 
even if we were to confine ourselves to those sciences which 
deal with the realm of Nature. We can do no more than 
describe briefly the institutions of learning which have been: 
for the most part responsible for keeping alive the tradition of 
learning over the centuries, and to present a sample from the 
writings of some of the more important scientific and philo- 
sophical schools, so as to form from the bits thus assembled 
a mosaic which may give some indication of the rich and 
varied intellectual life of the Islamic world. 


B. Educational Institutions 


Since the teachings of Islam are essentially gnostic in na- 
ture, all forms of knowledge, even the most external, take on 
a sacred character, so long as they remain faithful to the 
principles of the revelation. It is not accidental that the first 
verses revealed to the Prophet Muhammad were those of 


2 Ibn Khaldün, The Muqaddimah: An Introduction to History, translated 
from the Arabic by Franz Rosenthal (Bollingen Series XLIII. Copyright 
by Bollingen Foundation, New York, 1958. Distributed by Pantheon 
Books), passim. London: Routledge & Kegan Paul Ltd. Reprinted by 
permission. 
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the Chapter "The Clot," in which the primacy of knowledge 
is affirmed in the following words: 


1. Read: In the name of thy Lord who createth, 
2. Createth man from a clot. 

3. Read: And thy Lord is the Most Bounteous, 
4. Who teacheth by the pen, 

5. Teacheth man that which he knew not. 


Many of the verses of the Quran that were to follow af- 
firmed the sacred nature of knowledge and scientia (*ilm), 
one of God's names being “He who knows" (al-‘alim). The 
Prophet himself—although unlettered from the standpoint of 
human knowledge—was at the same time the channel of the 
revelation of the Book which is considered by all Muslims 
to be the quintessential sum of all knowledge, both human 
and divine. Moreover, he reaffirmed the teachings of the 
Quran by stressing that the acquisition of knowledge to the 
limits of one’s abilities is incumbent upon every believer, as 
part of his religious duties. His sayings—such as, “Seek 
knowledge from the cradle to the grave,” or "Seek knowledge, 
even in China"— were echoed through the later centuries 
as the most authoritative arguments for teaching and propa- 
gating knowledge (*ilm), even though debates also arose as 
to exactly what the knowledge to which the Prophet alluded, 
and whose attainment he considered so essential, encom- 
passed. z 

Whatever arguments arose as to the definition of that 
knowledge the acquisition of which was a religious duty, 
there is no doubt that the Quranic verses and prophetic say- 
ings, which emphasized the importance of learning, along 
with the fact that the central symbol of the Islamic revelation 
is a book, made learning inseparable from religion. The first 
place in which teaching was carried on in Islam was the 
mosque, and ever since the very first decades of Muslim his- 
tory, the institutions of learning have remained for the most 
part inseparable from the mosque, and have usually been sup- 
ported by religious endowments. 

The mosque began to serve as a school as early as the 
Teign of the second caliph ‘Umar, who appointed “narrators,” 
qàss in the singular, to the mosques of such cities as Kufa, 
Basra, and Damascus, for the purpose of reciting the Quran 
and the Hadith (prophetic traditions). Gradually, instruction 
In Arabic grammar and literature became incorporated into 
this simple and rudimentary form of education, which be- 
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came the nucleus of the later and more fully developed in- 
stitutions of learning. Out of this early instruction in language 
and religion, there grew both the popular elementary school 
(maktab), and the advanced centers of learning which were 
to develop into the first universities of the Middle Ages, and 
to serve as models for the early European universities during 
the eleventh and twelfth centuries. 

The purpose of the maktab, which still survives in many 
parts of the Islamic world, has always been to acquaint the 
young with a knowledge of reading and writing and, more 
specifically, with the principles of religion. Both boys and 
girls have been given instruction, generally in a mosque, but 
also sometimes in private houses. The student. is instructed to 
have reverence both for the teacher and for the subject 
taught; the gifted ones are recognized at this early stage and, 
in most cases, then encouraged to continue their studies at 
more advanced levels. The maktab has thus served both as 
the center for the religious and literary education of the gen- 
eral community and also—what is of more interest to our 
present study—as the preparatory stage for the advanced in- 
stitutions of learning, in which the sciences have been taught 
and cultivated. Whether given in formal sessions held at the 
mosque, or through private tutoring at the houses of the 
wealthy, early instruction at the level of the maktab has 
shaped the basic attitude of the student toward his teachers 
and toward learning as such—an attitude which has usually 
persisted into the more advanced phases of instruction. 

Most of the Islamic books on ethics, as well as those on 
education, have one or more chapters devoted to the ideal 
conditions for the upbringing and education of the young 
student, and to the way in which he should be prepared to 
undertake more advanced study. 

For example, Ibn Khaldün in his Introduction to History, 
which contains an extensive study of scientific education as 
well as of the sciences themselves, discusses the manner in 
which the student should be taught the sciences, especially the 
Quran, which is the first and most important subject taught 
to the young when they begm their formal education. 


The instruction of children and the different methods 
employed in the Muslim cities. 
It should be known that instruction of children in the Qur:án 
is a symbol of Islam. Muslims have, and practice, such instruc- 
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tion in all their cities, because it imbues hearts with a firm be- 
lief (in Islam) and its articles of faith, which are (derived) 
from the verses of the Qurän and certain Prophetic traditions. 
The Quran has become the basis of instruction, the foundation 
for all habits that may be acquired later on. The reason for this 
is that the things one is taught in one's youth take root more 
deeply (than anything else). They are the basis of all later 
(knowledge). The first impression the heart receives is, in a 
way, the foundation of (all scholarly) habits. The character of 
the foundation determines the conditions of the building. The 
methods of instructing children in the Quran differ according 
to differences of opinion as to the habits that are to result from 
that instruction. 

The Maghribi method is to restrict the education of children 
to instruction in the Qur'àn and to practice, during the course 
(of instruction), in Quràn orthography and its problems 
and the differences among Qur’dn experts on this score. The 
(Maghribis) do not bring up any other subjects in their classes, 
Such as traditions, jurisprudence, poetry, or Arabic philology, 
until the pupil is skilled in (the Qur'àn), or drops out before 
becoming skilled in it. In the latter case, it means, as a rule, 
that he will not learn anything. This is the method the urban 
population in the Maghrib and the native Berber Qur’ān teach- 
ers who follow their (urban compatriots) use in educating 
their children up to the age of manhood. They use it also with 
old people who study the Quràn after part of their life has 
passed. Consequently, (Maghribis) know the orthography of 
the Quràn, and know it by heart, better than any omer 
(Muslim group). 

The Spanish method is instruction in reading and writing as 
such. That is what they pay attention to in the instruction (of 
children). However, since the Quran is the basis and founda- 
tion of (all) that and the source of Islam and (all) the sciences, 
they make it the basis of instruction, but they do not restrict 
their instruction of children exclusively to (the Qur’än). They 
also bring in (other subjects), mainly poetry and composition, 
and they give the children an expert knowledge of Arabic and 
teach them a good handwriting. They do not stress teaching of 
the Qur-an more than the other subjects. In fact, they are more 
Concerned with teaching handwriting than any other subject, 
until the child reaches manhood. He then has some experience 
and knowledge of the Arabic language and poetry. He has an 
excellent knowledge of handwriting, and he would have a thor- 
ough acquaintance with scholarship in general, if the tradition 
of scholarly instruction (still) existed in (Spain), but he does 
Dot, because the tradition no longer exists there. Thus (present- 
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day Spanish children) obtain no further (knowledge) than 
what their primary instruction provides. It is enough for those 
whom God guides. It prepares (them for further studies), in 
the event that a teacher (of them) can be found. 

The people of Ifriqiyah [North Africa] combine the instruc- 
tion of children in the Quràn, usually, with the teaching of 
traditions. They also teach basic scientific norms and certain 
scientific problems. However, they stress giving their children 
a good knowledge of the Qur»án and acquainting them with its 
various recensions and readings more than anything else. Next 
they stress handwriting. In general, their method of instruc- 
tion in the Quràn is closer to the Spanish method (than to 
Maghribi or Eastern methods), because their (educational tra- 
dition) derives from the Spanish shaykhs who crossed over 
when the Christians conquered Spain, and asked for hospital- 
ity in Tunis. From that time on, they were the teachers of 
(Tunisian) children. 

The people of the East, as far as we know, likewise have a 
mixed curriculum. I do not know what (subjects) they stress 
(primarily). We have been told that they are concerned with 
teaching the Qur'àn and the works and basic norms of (re- 
ligious) scholarship once (the children) are grown up. They 
do not combine (instruction in the Qur'an) with instruction 
in handwriting. They have (special) rule(s) for teaching it, 
and there are special teachers for it, just like any other craft 
which is taught (separately) and not included in the school 
curriculum for children. The children's slates (on which they 
practice) exhibit an inferior form of handwriting. Those who 
want to learn a (good) handwriting may do so later (on in 
their lives) from professional (calligraphers), to the extent 
of their interest in it and desire. 

The fact that the people of Ifrigiyah and the Maghrib re- 
Strict themselves to the Qurün makes them altogether in- 
capable of mastering the linguistic habit. For as a rule, no 
(scholarly) habit can originate from the (study of the) Quràn, 
because no human being can produce anything like it. Thus, 
human beings are unable to employ or imitate its ways (uslüb), 
and they also can form no habit in any other respect. Conse- 
quently, a person who knows (the Qur'àn) does not acquire 
the habit of the Arabic language. It will be his lot to be awk- 
ward in expression and to have little fluency in speaking. This 
situation is not quite so pronounced among the people of 
Ifriqiyah as among the Maghribis, because, as we have stated, 
the former combine instruction in the Quran with instruction 
in the terminology of scientific norms. Thus, they get some 
practice and: have some examples to imitate. However, their 
habit in this respect does not amount to a good style (elo- 
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quence), because their knowledge mostly consists of scholarly 
terminology which falls short of good style, as will be men- 
tioned in the proper section. 

As for the Spaniards, their varied curriculum with its great 
amount of instruction in poetry, composition, and the Arabic 
philology gave them, from their early years on, a habit pro- 
viding for a better acquaintance with the Arabic language. 
They were less proficient in all the other (religious) sciences, 
because they were little familiar with study of the Quran and 
the traditions that are the basis and foundation of the (religious) 
Sciences. Thus, they were people who knew how to write and 
who had a literary education that was either excellent or de- 
ficient, depending on the secondary education they received 
after their childhood education.? 


C. Institutions of Higher Learning 


As the newly formed Islamic society became more firmly 
established, and its energies turned from outward growth to 
inward development, educational institutions came into béing 
which played a vital role in the cultivation of the arts and sci- 
ences. The first important center to be particularly concerned 
with philosophy and the natural and mathematical sciences 
was the Bait al-hikmah (House of wisdom), constructed in 
Baghdad by the caliph al-Ma»mün around 200/815, to which 
a library and an observatory were joined. Supported by the 
State treasury, this famous school became the gathering place 
for many scientists and scholars, and particularly for compe- 
tent translators, who translated almost the whole of Greek 
Scientific and philosophical literature into Arabic, thus pre- 
paring the ground for the absorption of that literature by 
Islam. The amount of translation from the Greek and the 


3 Ibn Khaldün, The Mugaddimah: An Introduction to History, translated 
from the Arabic by Franz Rosenthal. (Bollingen Series XLIII. Copyright 
by Bollingen Foundation, New York. 1958. Distributed by Princeton 
University Press), vol. 3, pp. 300-303. London: Routledge & Kegan Paul 
Ltd. Reprinted by permission. 
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Syriac, and also from Pahlavi and Sanskrit, during the third/ 
ninth and fourth/tenth centuries, by such men as Hunain ibn 
Ishaq, Thabit ibn Qurrah and Ibn Mugqaffa—all of them 
competent scholars and scientists—was in fact so great that 
even today more of the writings of the Greek Aristotelians— 
i.e., of Aristotle and his commentators—are extant in Arabic 
than in any of the modern European languages. Moreover, 
there are many fragments of the writings of Aristotle, of the 
Alexandrian philosophers, the Neopythagoreans and Neo- 
platonists, the Hermetic corpus, and the works of such sci- 
entists as Galen, which exist today only in the Arabic transla- 
tion done at al-Ma»mün's academy or by translators who 
were stimulated by the activities of that institution. 

The great interest in pre-Islamic or what is traditionally 
called aw@il sciences—that is, sciences that existed “in 
the beginning,” before the rise of Islam—became a part 
of the affairs of the state to an extent that cannot be ex- 
plained solely by the personal interest of an individual ruler 
such as Harin al-Rashid or al-Ma»mün, however important 
such interest may have been. The real cause for this sudden 
interest on the part of the Islamic community at the begin- 
ning of the third/ninth century in non-Islamic sciences, espe- 
cially in Greek philosophy and science, in contrast to the at 
best sporadic interest of the previous century, must be sought 
in the new challenge which Islamic society faced. This chal- 
lenge came from the theologians and philosophers of the 
religious minorities within the Islamic world, especially the 
Christians and Jews. In the debates carried on in cities like 
Damascus and Baghdad between Christians, Jews and Muslims, 
the last-named group often found itself on the losing side, 
for they were unable to defend the principles of faith through 
logical arguments, as could other religious groups, nor could 
they appeal to logical proofs to demonstrate the truth of the 
tenets of Islam. The interest of the caliphate in making Greek 
sciences available in Arabic most likely stems from this chal- 
lenge, which might very well have affected the role of re- 
ligious law in Islamic society, upon which the authority of 
the caliphate itself was based. It was therefore for the pur- 
poses of safeguarding the interests of the Muslim community 
that the early Abbasid caliphs turned the attention of scholars 
to the study of Greek philosophy and science. 

Until the fourth/tenth century, the main institution of 
learning, aside from the maktab, was the circle or “gathering” 
(majlis), which was presided over by a professor (often called 
shaikh, hakim or ustádh), and in which various sciences, 
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both religious and philosophic, were discussed. Then, in 395/ 
1005, the Fatimid caliph al-Hakim constructed the Dar al-*ilm 
(House of knowledge) in Cairo, in which mathematics and 
physics were taught, and which had a library that, by some 
accounts, had over a million books. Other Shiite institutions 
of this same name, and following it as a model, began to be 
established in many cities during the following century. 

The institutions of higher learning, or universities, reached 
the climax of their development in the latter half of the fifth/ 
eleventh century, when the Seljuq vizier, Nizam al-Mulk, 
established a chain of colleges or madaris (sing., madrasah) 
in Baghdad, Naishapur and other cities. That of Baghdad, 
which is justly the most famous of the group, was founded 
in 459/1067 for the celebrated teacher of jurisprudence, 
Abi Ishaq al-Shirazi; later, its most important teaching post 
was held by the famous al-Ghazzali. The madrasah was 
henceforth extended, with some modification, to other parts 
of the Islamic world; for example, in 585/1189, Saladin in- 
troduced it to Jerusalem; the Almohads, at about the same 
period, built madaris in North Africa; finally, a large 
madrasah was constructed in Granada in 750/ 1349, and shortly 
after the beautiful al--Attàrin mosque of Fez was founded 
across the straits in Morocco. 

In the East, great schools continued to be constructed— 
such as the recently renovated al-Mustansariyah of Baghdad, 
which stands on the banks of the Tigris, and the madáris of 
Central Asia, especially that of Samarkand, built by Tamer- 
lane and his descendants. Shiite institutions flourished, and 
many well-known schools were founded by the Safavids in 
Isfahan, Meshed and Shiraz—such as the Chahar Bagh of 
Isfahan, whose building is one of the masterpieces of Islamic 
art, and the Khàn school of Shiraz, where the outstanding 
Persian sage, Mulla Sadrà, was among the teachers, and 
where, during the eleventh/seventeenth century, European 
uc witnessed a very active and comprehensive academic 

e. 

The institutions of higher learning have continued to 
flourish from the early medieval period to the present, some 
having preserved a continuous tradition of learning over the 
centuries. The Qarawiyin of Fez in Morocco is eleven cen- 
turies old, and is very likely the oldest university in the world; 
the al-Azhar, which was originally a Shiite institution, but 
later became the center of Sunni learning, recently celebrated 
its first millennium of existence. Likewise, the Shiite center 
of learning founded in Najaf in the fifth/eleventh century 
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continues to function today as one of the largest religious 
universities in the Muslim world. 

As far as the teaching personnel of the madāris is con- 
cerned, in both the Shiite and the Sunni schools, the pattern 
has been more or less the same. The classes are directed by a 
mudarris who is comparable to a professor, who has a naib 
(substitute professor) and also a mudd who acts as a “drill 
master," the latter repeating the teachings of the professor, 
like the répétiteur of Western universities. In the question of 
curriculum, however, there is a definite difference between 
the Sunni and Shiite institutions of learning. The Sunni 
madrasah was established essentially for the purpose of train- 
ing students in the sacred law and other religious sciences; its 
program consisted primarily of the Quran, Hadith, exegesis, 
Arabic grammar and literature, law, theology and oratory (to 
which the study of philosophy and history, and a small 
amount of mathematics, were occasionally added). The Shiite 
schools, however, showed an affinity toward the awdil sci- 
ences, placing a much greater emphasis in their program on 
these subjects. 

Certain schools of Greek philosophy and science, especially 
the more esoteric schools connected with Neopythagoreanism 
and Hermeticism, became integrated into the Shiite perspec- 
tive at an early period, and some of the Shiite imams legiti- 
mized the study of the awil sciences and even encouraged it. 
The Sunni lawyers and jurisprudents, however, for the most 
part remained aloof from these sciences and, in fact, often 
opposed them. They usually accepted only Aristotelian logic, 
Which thereby became an accredited discipline and aided dis- 
cussions—on questions of law and theology, and even gram- 
mar. The early opposition between the rival grammatical 
Schools of Basra and Kufa—of which the former were more 
“Aristotelian” and the latter more “Hermetic” and "Stoic"— 
was a sign of this difference in attitude, which became more 
marked during later centuries. The Sunni schools’ were in 
general more inclined toward the study of law and theology, 
and the Shiite to the sciences of Nature and mathematics, 
although many Sunni rulers and princes also cultivated these 
sciences on their own. 

Logic was always part of the program of al-Azhar Uni- 
versity, and until a few years ago the students of the Qara- 
wiyin in Fez studied some Islamic philosophy. But the tend- 
ency toward differentiation was present, as can be seen from 
the fact that the fourth/tenth century, during which po- 
litical power in the Islamic world rested mainly in the hands 
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of the Shiah, marks the height of activity in the intellectual 
sciences. After Islamic philosophy came to an end in the 
Sunni world with Averroes, it found a new life in the Shiah 
world, especially in Persia, and has continued as a living 
tradition in that country to the present day. Even today, many 
students from the traditional Shiite religious schools, after 
completing their studies in philology and the religious sci- 
ences, undertake a study of the complete cycle of Islamic phi- 
losophy and theosophy (consisting of logic, natural philoso- 
phy and metaphysics), in which they read the books of 
Avicenna, such as Salvation and The Book of Healing, and 
the Spiritual Journeys of Mulla Sadra. Some also continue 
the traditional course of mathematics, which runs from sim- 
ple treatises on arithmetic, through the commentary of 
Nasir al-Din al-Tisi on the Elements of Euclid, plane and 
solid trigonometry, algebra, and the Optics of Euclid, and 
ends with the study of Nasir al-Din al-Tusi’s commentary 
upon the Almagest of Ptolemy, followed usually by a sum- 
mary study of modern astronomy. 

Whatever the differences may have been in the subject mat- 
ter taught in the Sunni and Shiite schools, the general at- 
mosphere of the madrasah has been the same throughout the 
Islamic world, The transmission of knowledge has always had 
a highly personal aspect, in that the student has sought a par- - 
ticular master rather than an institution, and has submitted 
himself to that chosen teacher wholeheartedly. The relation 
that has always existed between the teacher and the student 
has been a highly intimate one, in which the student reveres 
the teacher as a father and obeys him, even in personal matters 
not connected with his formal studies. The atmosphere of these 
schools has been very relaxed and informal, without there 
being any great academic or financial pressure upon the 
student. All religious education has been free; in fact, the 
student receives his room and board from the religious en- 
dowment of the institution in which he studies. Nor has 
there ever been the strong incentive to receive a diploma and 
then seek to benefit from its social and economic advantages, 
prevalent in so many modern educational institutions. 

That is why a person may often remain a student all his 
life, mastering one subject after another and going from one 
teacher to the next. Usually, when he has mastered a subject 
to his teacher's satisfaction, he receives from him a permit 
(ij@zah), stating the student's competence in that subject. If 
the student is well qualified, then there is a likelihood of his 
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becoming a teacher in turn and giving a student of his an 
ijazah. In even the most formal type of learning, oral teach- 
ing accompanies the written texts and the importance of 
actually hearing a teacher and receiving an ijazah from him 
personally keeps alive a chain (isnád) of transmission which 
is of paramount importance in preserving and perpetuating 
the Islamic educational tradition. In this process the intimate 
contact between teacher and student, and the many years of 
living together, often in the same quarters, has much to do 
with making possible the transmission of the spirit as well as 
the letter of the various branches of knowledge, which have 
always been instrumental in the normal functioning of Islamic 
society. f 

Although the curriculum of the madrasah has not been 
the same during all periods of Islamic history, and in all parts 
of the Islamic world, there has been a general ideal order, 
which has always remained in the background, and has often 
been followed, especially in the schools where the philosophic 
or awd?il sciences have been taught. Early in Islamic history, 
the famous philosopher al-Farabi, whose classification of the 
sciences we have just discussed, had already turned to a con- 
sideration of the order in which the study of the sciences 
should be undertaken, and the disciplines that should be mas- 
tered. In his Attainment of Happiness he writes: 


The first genus of beings into which one should inquire is that 
which is easier for man and in which perplexity and mental 
confusion are less likely to occur. This is the genus of numbers 
and magnitudes. . . . 


It is characteristic of this science that inquires into num- 
bers and magnitudes that the principles of instruction in it are 
identical with the principles of being. Hence all demonstrations 
proceeding from its principles combine the two things—I mean 
they give an account of the thing’s existence and of why it 
exists: all of them are demonstrations of both that the thing 
is and why it is. Of the principles of being, it employs [only the 
formal, that is] what the thing is and by what and how it is, to 
the exclusion of the other three. For numbers and magnitudes, 
in the mind and stripped from the material, have no principles 
related to their genus apart from the principles of their being 
just mentioned. They possess the other principles only on ac- 
count of their coming into being by nature or the will, that is, 
when they are assumed to be in materials. Since this science 
does not inquire into them as being in materials, it does not 
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deal with what is extraneous to them so far as they are not in 
materials. 

One begins, then, first with numbers [that is, arithmetic], pro- 
ceeds next to magnitudes [that is, geometry], and then to all 
things in which number and magnitude are inherent essentially 
(such as optics, and the magnitudes in motion, which are the 
heavenly bodies), music, the study of weights, and mechanics. 
In this way one begins with things that may be comprehended 
and conceived irrespective of any material. He then proceeds 
to things that can be comprehended, conceived, and intellected 
by only slight reference to a material. Next, the things that can 
only be comprehended, conceived, and intellected with slightly 
more reference to a material. He continues thus toward the 
things wherein number and magnitude inhere, yet that which 
can be intellected in them does not become intelligible except 
by progressively greater reference to the material. This will 
lead him to the heavenly bodies, then music, then the study of 
weights and mechanics, where he is forced to deal with things 
that become intelligible only with difficulty, or that cannot 
exist, except when they are in materials. One is now forced to 
include principles other than what, by what and how. He has 
come to the borderline between the genus that does not have 
any other principle of being apart from what it is, and the 
genus whose species possess the four principles. It is at this 
point that the natural principles come into view. 

At this juncture one ought to set out to know the beings that 
possess the four principles of being: that is, the genus compris- 
ing the things that can be perceived by the intellect only when 
they are in materials. (Indeed the materials are called [by some] 
the natural things.) The inquirer ought to seize upon all the 
principles of instruction—that is, the first premises—relative 
to the genus consisting of particular things. He also should look 
into the primary knowledge he has and adopt from it whatever 
he recognizes as appropriate for being made into principles of 
instruction in this science. 

He then should begin to inquire into bodies and into things 
that are in bodies. The genera of bodies constitute the world 
and the things comprised by the world. In general, they are the 
genera of sensible bodies or of such bodies that possess sensible 
qualities: that is, the heavenly bodies; then earth, water, air 
and things of this kind (fire, vapor, etc.); then the stony and 
mineral bodies on the surface of the earth and inside it; and 
finally, plants, irrational animals, and rational animals. He 
Should give an account of (a) the fact of the being, and (5) 
all the principles of being of every one of these genera, and of 
every one of the species of every genus: that is, in every prob- 
lem relative to them, he should give an account of (a) the 
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fact that the thing is, and (b) what, by what, and how it is, 
from what it is, and for what it is. In none of them is he to 
confine himself to its proximate principles. Instead he should 
give an account of the principles of its principles and of the 
principles of the principles of its principles, until he arrives 
at its ultimate corporeal principle. 

The principles of instruction in most of what this Science 
comprises are distinct from the principles of being, and it is 
through the principles of instruction that one comes to know 
the principles of being. For in every genus of natural things 
the principles of instruction are inferior to the principles of 
being, since the principles of being in such a genus are the 
grounds to which the principles of instruction owe their ex. 
istence. Hence the ascent toward knowledge of the principles 
of being of every genus or species can be made only through 
things that originate in these principles. If these happen to be 
proximate principles A that in turn have other principles B, the 
proximate principles 4 should be employed as principles of 
instruction from which to ascend to knowledge of their prin- 
ciples B. Then, when these principles B become known, one 
proceeds from them to the principles of these principles, C, 
until he arrives at the ultimate principles of being in the genus. 
If, after ascending from the principles of instruction to the 
principles of being and the knowledge of the principles of be- 
ing, there are (in addition to the primary cognitions from 
which we ascended to the principles) other things originating 
from these principles, and which are still unknown, then we 
proceed to use these principles of being as principles of in- 
struction and so come to know the other, inferior things. In 
relation to the other things, our principles are now both prin- 
ciples of instruction and principles of being. We follow this 
procedure in every genus of sensible bodies and in each of the 
species of every genus. 

When one finally comes to inquire into the heavenly bodies 
and investigate the principles of their being, this inquiry into 
the principles of their being will force him to look for prin- 
ciples that are not natures or natural things, but beings more 
perfect than nature and natural things. They are also not bod- 
ies or in bodies. Therefore one needs another kind of investi- 
gation here and another science that inquires exclusively into 
beings that are metaphysical. At this point he is again standing 
between two sciences: the science of nature and [metaphysics 
or] the science of what is beyond natural things in the order of 
investigation and instruction and above them in the order of 
being. 

When his inquiry finally reaches the stage of investigating 
the principles of the being of animals, he will be forced to in- 
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quire into the soul and learn about psychical [or animate] 
principles, and from there ascend to the inquiry into the ra- 
tional animal. As he investigates the principles of the latter, 
he will be forced to inquire into (1) what, by what, and how, 
(2-3) from what, and (4) for what it is. It is here that he 
acquaints himself with the intellect and things intelligible. He 
needs to investigate (1) what the intellect is and by whaf and 
how it is, and (2-3) from what and (4) for what it is. 'This 
investigation will force him to look for other principles that 
are not bodies or in bodies, and that never were or ever will 
be in bodies. This inquiry into the rational animal will thus 
lead him to the same conclusion as the inquiry into the heavenly 
bodies. Now he acquaints himself with incorporeal principles 
that are to the beings below the heavenly bodies as those in- 
corporeal principles (with which he became acquainted when 
investigating the heavenly bodies) are to the heavenly bodies. 
He will acquaint himself with the principles for the sake of 
which the soul and the intellect are made, and with the ends 
and the ultimate perfection for the sake of which man is made. 
He will know that the natural principles in man and in the 
world are not sufficient for man's coming to that perfection 
for the sake of whose achievement he is made. It will become 
evident that man needs some rational, intellectual principles 
with which to work toward that perfection. 

At this point the inquirer will have sighted another genus of 
things, different from the metaphysical. It is incumbent on 
man to investigate what is included in this genus: that is, the 
things that realize for man his objective through the intellectual 
principles that are in him, and by which he achieves that per- 
fection that became known in natural science. It will become 
evident concomitantly that these rational principles are not 
mere causes by which man attains the perfection for which he 
is made. Moreover, he will know that these rational principles 
also supply many things to natural being other than those sup- 
Plied by nature. Indeed man arrives at the ultimate perfection 
(whereby he attains that which renders him truly substantial) 
only when he labors with these principles toward achieving 
this perfection. Moreover, he cannot labor toward this perfec- 
tion except by exploiting a large number of natural beings and 
until he manipulates them to render them useful to him for 
arriving at the ultimate perfection he should achieve. Further- 
more, it will become evident to him in this science that each 
man achieves only a portion of that perfection, and what he 
achieves of this portion varies in its extent, for an isolated in- 
dividual cannot achieve all the perfections by himself and 
Without the aid of many other individuals. It is the innate 
disposition of every man to join another human being or other 
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men in the labor he ought to perform: this is the condition of 
every single man. Therefore, to achieve what he can of that 
perfection, every man needs to stay in the neighborhood of 
others and associate with them. It is also the innate nature of 
this animal to seek shelter and to dwell in the neighborhood 
of those who belong to the same species, which is why he is 
called the social and political animal. There emerges now 
another science and another inquiry that investigates these in- 
tellectual principles and the acts and states of Character with 
which man labors toward this perfection. From this, in turn, 
emerge the science of man and political science. 

He should begin to inquire into the metaphysical beings and, 
in treating them, use the methods he used in treating natural 
things. He should use as their principles of instruction the first 
premises that happen to be available and are appropriate .to 
this genus, and in addition, the demonstrations of natural sci- 
ence that fit as principles of instruction in this genus. These 
should be arranged according to the order mentioned above, 
until one covers every being in this genus. It will become evi- 
dent to whoever investigates these things that none of them 
Can possess any material at all; one ought to investigate every 
one of them only as to (1) what and how it is, (2-3) from what 
agent and (4) for what it is. He should continue this investi- 
gation until he finally reaches a being that cannot possess any 
of these principles at all (either what it is or from what it is 
or for what it is) but is itself the first principle of all the afore- 
mentioned beings: it is itself that by which, from which, and 
for which they are, in the most perfect modes in which a thing 
can be a principle for the beings, modes free from all defects. 
Having understood this, he should investigate next what prop- 
erties the other beings possess as a consequence of their having 
this being as their principle and the cause of their being. He 
should begin with the being whose rank is higher than the rest 
(that is, the one nearest to the first principle), unti] he ter- 
minates in the being whose rank is inferior to the rest (that 
is, the one furthest from the first principle). He will thus come 
to know the ultimate causes of the beings. This is the divine 
inquiry into them. For the first principle is the divinity, and 
the principles that come after it—and are not ‘bodies or in 
bodies—are the divine principles. 

Then he should set out next upon the science of man and 
investigate the what and the how of the purpose for which man 
is made, that is, the perfection that man must achieve. Then he 
should investigate all the things by which man achieves this 
perfection or that are useful to him in achieving it. These are 
the good, virtuous, and noble things. He should distinguish 
them from things that obstruct his achieving this perfection. 
These are the evils, the vices, and the base things. He should 
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make known what and how every one of them is, and from 
what and for what it is, until all of them become known, in- 
telligible and distinguished from each other. This is political 
science. It consists of knowing the things by which the citizens 
of cities attain happiness through political association in the 
measure that innate disposition equips each of them for it. 
It will become evident to him that political association and the 
totality that results from the association of citizens in cities 
correspond to the association of the bodies that constitute the 
totality of the world. He will come to see in what are included 
in the totality constituted by the city and the nation the like- 
nesses of what are included in the total world. Just as in the 
world there is a first principle, then other principles subordi- 
nate to it, beings that proceed from these principles, other 
beings subordinate to these beings, until they terminate in the 
beings with the lowest rank in the order of being, the nation or 
the city includes a supreme commander, followed by other com- 
manders, followed by other citizens, who in turn are followed 
by other citizens, until they terminate in the citizens with the 
lowest rank as citizens and as human beings. Thus the city 
includes the likenesses of the things included in the total 
world. 

This, then, is theoretical perfection. As you see, it comprises 
knowledge of tke four kinds of things by which the citizens of 
cities and nations attain supreme happiness. What still remains 
is that these four be realized and have actual existence in na- 
tions and cities while conforming to the account of them given 
by the theoretical sciences.* 


Even if the whole field of theoretical knowledge discussed 
by al-Farabi has not always been taught in every madrasah in 
Islam, there have always been those who have been com- 
petent to teach some aspect of it. Thus, the seeker after 
knowledge, or the real student who characteristically is called 
talabah in Arabic (i.e., *one who seeks") has perhaps had to 
wander from one school to another, from one master to the 
next, but he has always found the knowledge he has sought 
if he has searched hard enough. The institutions of learning, 
although weakened in many parts of the Muslim world after 
the eighth/fourteenth and ninth/fifteenth centuries, have 
nevertheless continued to preserve that tradition of learning 
which is known so well by the fruit it bore during the 
medieval period. 


4 Alfarabi's Philosophy of Plato and Aristotle, translated and with an 
introduction by M. Mahdi (New York: Free Press of Glencoe, 1962), 
pp. 19-25. Copyright © The Free Press of Glencoe, a division of the 
Macmillan Company, 1932. Reprinted by permission of The Macmillan 
Company. 
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D. The Observatories 


. „The construction of observatories as distinct scientific in- 

stitutions, in which observation is carried out, and also as cen- 
ters for teaching astronomy and allied subjects, owes its 
origin to Islam. 'The first Islamic observatory was the Sham- 
masiyah, which al-Ma:mün had built in Baghdad around 
213/828, and which was headed by two famous astron- 
omers, Fadl ibn al-Naubakht and Muhammad ibn Misa al- 
Khwarazmi. This was soon followed by a series of observa- 
tories, each connected with the name of an individual astron- 
omer, such as that of al-Battàni at Raqqa, and «Abd al-Rah- 
màn al-Süfi in Shiraz. However, after the fourth/tenth cen- 
tury, the observatory began to acquire a more general nature 
and was usually supported by the ruler—for example, the 
Observatory at Hamadan was built by the Persian prince «Ala» 
al-Daulah for Avicenna around 414/1023. Less than a cen- 
tury later, the Seljuq ruler, Malikshah, constructed the first 
royal observatory to have had a fairly long life, and in 
which several astronomers, including ‘Umar Khayyam, de- 
vised the Jalali calendar. 

In the western lands of Islam there were fewer observa- 
tories in general than in the East. Nevertheless, one finds an 
observatory in Toledo, where in the fifth/eleventh century 
al-Zarqàli (the Latin “Arzachel”) worked on the Toledan 
Zij5 which was to play such an important role in the history 
of European astronomy. Moreover, the beautiful Giralda 
tower of Seville, which is now part of the cathedral, was 
used by Jabir ibn Aflah as an observatory. Some of the 
astronomers, such as Avempace (Ibn Bajjah), also had 
private observatories of their own. 

The development of the observatory reached new heights 
with that at Maragha, begun in 657/1261 by the order of 
Hulagu, the grandson of Genghis Khan, and supported by 
religious endowment. To it was joined a library of 400,000 
books, and (as the research of several modern scholars espe- 


5The word zij, which is of Sanskrit origin and which has entered into 
Arabic and Persian by way of Pahlavi, means astronomical tables. But 
actually most zij's contain not only tables but also theoretical astronomical 
discussions, chapters on chronology, elaborate treatment of mathematical 
astronomy and other related subjects. The zij’s which constitute one of the 
most important parts of Islamic astronomical literature are usually named 
either after their compiler, patron, or city in which they were compiled 
although occasionally other means of naming have been used. 
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cially A. Sayili in his The Observatory in Islam has shown), it 
was well equipped with astronomical instruments—including a. 
mural quadrant with a radius of about 430 cm., armillary 
spheres, solsticial armilla, equinoctial armilla and azimuth 
rings. Here, in 670/1274, the Ilkhànid Zij were completed. But 
the observatory at Maragha was not just a place for astro- 
nomical observation. It was a complex scientific institution, in 
which nearly every branch of science was taught, and where 
some of the most famous scientists of the medieval period 
were assembled. 

The institution was headed by Nasir al-Din al-Tüsi, and 
included Qutb al-Din al-Shiràzi, who is credited with the 
discovery of the true cause of the rainbow, Muhyi al-Din 
al-Maghribi, Najm al-Din Dabiran al-Qazwini and Athir 
al-Din al-Abhari, most of whom were famous philosophers, 
as well as astronomers. There was also on the staff a Chi- 
nese scientist named Fao-Mun-Ji, inasmuch as this was the 
period of exchange of astronomical ideas between Persia 
and China. Also at Maragha the famous Christian encyclo- 
pedist and philosopher Barhebraeus lectured on Euclid's Ele- 
ments and Ptolemy's Almagest. 

The peak period of the observatory as a scientific institu- 
tion was reached in the ninth/fifteenth century when Ulugh 
Beg, the grandson of Tamerlane, built his observatory at 
Samarkand—which, along with the observatory at Istanbul, 
must be regarded as the link of transmission of this institution 
to the Western world. Himself a competent astronomer, 
Ulugh Beg assembled the best mathematicians of his day 
in the new observatory, which was equipped with the finest 
instruments possible, including a meridian arc about 50 
meters high. The greatest scientists at Samarkand, besides 
Ulugh Beg himself were Qadizadah, ‘Ali Qüshji, and espe- 
cially Ghiyath al-Din al-Kashani whose mastery of the theory 
of numbers and techniques of computation was unmatched 
until fairly recent times. 

Al-Kashani, who was brought specifically to Samarkand 
by Ulugh Beg’s request, described the scientific activities of 
the observatory in a candid letter to his father, in which he 
also mentioned the difficulties he encountered in establishing 
himself there, difficulties which were soon overcome by his 
unrivaled mastery of mathematics. In this intimate document 
he wrote: 


We now come to the subject of the Observatory. His Majesty, 
may God keep his realm and preserve his sovereignty, had 
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seen the constructions at the Marügha Observatory in his child- 
hood, but he had said that he had not seen them with a discern- 
ing eye. Before the arrival of this servant they had told His 
Majesty that the observatory was the place underneath the top 
(of the observatory hill) where people live (sit). 

Two brass rings of six gaz diameter had been cast, for the 
measurement of the obliquity and solar observations, in ac- 
cordance with Ptolemy's directions, unaware of the fact that, as 
that instrument was not free from defects, astronomers had 
brought about many refinements after Ptolemy's time and that 
they had deviated from the ring constructed by him. 

No one knew either what the geometrical pulpit standing in 
the middle of the building (or, constructions) of the Marügha 
Observatory was and for what purpose it was constructed. This 
servant brought the matter to His Majesty’s knowledge and 
explained the divergences which may arise from their above- 
mentioned instrument. I also pointed out that in «Adud al 
Dawla's time a ring was constructed the diameter of which was 
ten gaz and that the present one was smaller than that ring, 
adding that at the Maragha Observatory they had constructed 
a geometrical pulpit instead, which is called suds-i Fakhri, and 
that this had a diameter of six gaz. 

His Majesty ordered the ring to be broken, and they made it 
into another instrument which this obedient servant had de- 
scribed. The construction of the building of the observatory 
too was ordered to be carried out in accordance with the ex- 
planations given by this servant. All these circumstances and 
other similar matters were made known to the notables of the 
country. 

In like manner, every day and every week something new 
comes up, and through the felicity of your Lordship's magna- 
nimity, this servant extracts it from the sphere of difficulty, 
with the mallet of preparedness, with the greatest ease. 

One day His Majesty, may God preserve his realm and sov- 
ereignty, was busy studying, and Qadizada-i Rimi was among 
those present. A proof had been referred to {al-Biriini’s] 
Qànün-i Mas‘iidi, and the Qānūn had been made ready. As the 
required proof could not be ascertained at the meeting, how- 
ever, Qàdizàda had taken the Qaniin to his lodge in order to 
study it. After two days he brought it back and said that in the 
passage in question there was a lacuna. He believed this to be 
the reason why the problem could not be clarified and said 
that another copy of the book should be found for comparison. 
This servant had not left his house during the previous two 
days because of feverish lassitude and had at this juncture 
joined the meeting. Qadizida was still there. His Majesty 
chanced to look at this servant, and he said “Let our Mawlà 
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solve this problem," passing the Qànün-i Mas:udi on to me. 
As soon as this servant read through five or six lines from that 
problem, he explained the whole matter, and the particular 
copy contained no lacunas. 

Such things have happened many times since my arrival 
here. It will take too long to relate them all. Suffice it to say 
that in such a gathering and in the presence of so many authori- 
ties, one's knowledge is appraised neither through reliance 
upon other people's opinions nor merely on the basis of 
the claims made by that person himself. 

Shortly after the arrival of this servant here and in a meet- 
ing in which His Majesty took part, this servant was speaking 
about a few problems on which there was agreement between 
the Tuhfa [Present], the Nihdya al Idrák {On the Highest Un- 
derstanding), Mawlànà Nizam al Din-i Nishabiri’s Commen- 
tary of the Tadhkira, as well as the commentary of the 
Tadhkira [Treasury] by Sayyid Sharif, may God bless his soul, 
but which were nevertheless wrong. My contention reached 
the ears of all the learned people by word of mouth. They 
were excited and busy speaking behind my back. “When a 
person objects to a thing on which so many authorities are in 
agreement,” they declared, “he should prove his statement.” 

One day, at a gathering where the majority was present, 
I spoke on one of these controversial topics which I have thor- 
oughly investigated, and I explained it both in a descriptive 
way and by geometrical proof in such a manner that it was 
accepted unanimously. As His Majesty is a scientist himself 
and well-versed in the subject, and as scientists are present here 
in large numbers, when a question becomes settled, no one who 
has previously spoken in another vein can demur, pretending 
to find faults, so as to make those who are not familiar with the 
topic believe in him. For the most distinguished scientists are 
present here. 

One of the problems in question is this. It has been said that 
the maximum equation for the moon's anomaly on its epicycle 
takes place at a point of the eccentric region such that when 
this point is joined to the prosneusis center, the line joining 
these two points will be perpendicular to the diameter passing 
through the apogee. This is the assertion made in all the books 
Written on the subject up to our day, but it is wrong. For if the 
line in question passes through a point seven degrees and fifty 
seconds underneath the prosneusis center it is perpendicular 
and otherwise not. The same sort of mistake has been made in 
the case of the planets also, and the source of the error of them 
all is that in the case of the sun the point of maximum equa- 
tion occurs at a place such that when a line is drawn from it 
to the center of the universe the line is perpendicular to the 
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said diameter. Ptolemy has given the proof for this in the 
Almagest and has referred to this proof in the cases of the 
moon and other planets. People have never realized that the 
cases of these latter cannot be referred to that of the sun. . . .8 

As to the inquiry of those who ask why observations are not 
completed in one year but require ten or fifteen years, the situa- 
tion is such that there are certain conditions suited to the de- 
termination of matters pertaining to the planets, and it is 
necessary to observe them when these conditions obtain. It 
is necessary, e.g., to have two eclipses in both of which the 
eclipsed parts are equal and to the same side, and both these 
eclipses have to take place near the same node. Likewise, 
another pair of eclipses conforming to other specifications is 
needed, and still other cases of a similar nature are required. 
It is necessary to observe Mercury at a time when it is at its 
maximum morning elongation and once at its evening elonga- 
tion, with the addition of certain other conditions, and a simi- 
lar situation exists for the other planets. 

Now, all these circumstances do not obtain within a single 
year, so that observations cannot be made in one year. It is 
necessary to wait until the required circumstances obtain and 
then if there is cloud at the awaited time, the opportunity will 
be lost and gone for another year or two until the like of it 
Occurs once more. In this manner, there is need for ten or 
fifteen years. 

Those people who do not know the nature of this activity 
and who have not witnessed others do it, are surprised when 
they see anyone occupy himself with it. But when someone 
knows how to do a thing, it becomes easy. It is to be hoped 
that God, he is exalted and high, will grant long life and give 
his help, so that with the felicity of the King of Islam, may 
God preserve his realm and sovereignty, this activity of obser- 
vation will reach the stage of completion in a happy and suc- 
cessful manner. 

At the present the greater part of the observatory building 
has been constructed. Nearly five hundred tūmāns worth of 
brick and lime have been used; one armillary sphere has been 
completed and another one is in the process of construction. 
Still other instruments, such as azimuthal quadrant and the 
instrument with movable sights and others, are being attended 
to and have been half constructed. 


6 A. Sayili, Uluğ Bey ve Semerkanddekt tlim Faaliyeti Hakkinda Giyasüd- 

din-i KasP nin Mektubu (Ghiyath al-Din al-Kashi’s Letter on Ulugh Bey 
and the Scientific Activity in Samarqand) (Ankara: Türk Tarih Kurumu 

Basimevi, 1960), pp. 98-100. This work includes the original letter in 

Serin with the Turkish and English translations and commentary by 
ayili. 
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As to your query concerning whether the task to be accom- 
plished at the observatory is entrusted to this servant or whether 
he has a partner for the work, it is a strange coincidence that 
your Lordship should ask this question after my achieving such 
fame here. The situation is that although people who are con- 
versant with the mathematical sciences exist in large numbers 
here, none of them is such that he is acquainted with both the 
theoretical ("scientific") and applied ("practical") sides of 
observations (of the work done in an observatory). For none 
of them knows the Almagest. 

One of them is Qadizida who possesses the theoretical 
knowledge contained in the Almagest but not its applied side. 
He has not done anything that pertains to the practical. He is 
the most learned among them, but even he is only a beginner 
in theoretical astronomy. For every topic which is put for- 
ward by His Majesty, this servant finds the correct approach 
and supplies the well-rounded and complete answer, as was 
previously mentioned on the occasion of the problem connected 
with the Qànün-i Mas‘iidi and the like; and I am skilled in all 
aspects of the applied branch of this science. 

Applied astronomy too is divided into scientific and practical 
branches. The practical branch of applied astronomy may be 
illustrated with the following example. Suppose, e.g., that two 
stars have reached the first vertical at a certain condition. Ele- 
vation is measured with an instrument, and the longitude and 
latitude of one of these stars is known. It is required to derive 
the longitude and latitude of the other from these data. The 
knowledge of how to derive these, i.e., to know to multiply 
which quantity with which and to divide by what, and how to 
proceed in order to obtain the desired result, constitutes the 
scientific side of this operation (the scientific side of applied 
astronomy). The scientific side of theoretical astronomy (“the 
absolutely scientific”) is the knowledge of the science itself. 

The absolutely practical side of such a problem is the carry- 
ing out of the multiplications and divisions and the calculation 
of the longitudes of celestial bodies in terms of signs, degrees, 
and minutes, and the determination of their latitudes, giving 
their actual numerical values. 

Qadizada is weak in the scientific side of applied astronomy, 
and he cannot point out what pertains to the absolutely practical 
(the practical side of applied astronomy) except by perform- 
ing multiplications and divisions with the help of the lattices 
of multiplication and division. And this is such that when he 
wishes to set up a lattice, he cannot do it without consulting 
a book. They read line by line and complete the operation step 
by step with the help of instructions. If something unusual is 
being sought this is not of much use(?). 
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I am not boasting. Your Lordship himself knows that with 
God's assistance I have confidence in myself to accomplish the 
purely theoretical, the applied side of the theoretical, and the 
scientific side of the practical as well as the purely practical, 
without consulting a book, so that if I were without any books 
at the observatory I could do everything necessary from the 
beginning of the period of work to the end and produce the 
astronomical tables. The only exception would occur in dealing 
with the results obtained concerning mean positions in previous 
observations performed on a given date, which is a matter per- 
taining to the factual realm, as well as the date of the given 
day. In observational work there is need for such data. For 
the difference between the mean positions resulting from the 
present observations and those of the earlier date is found and 
is divided by the time between the two observations so as to 
obtain the quantity of motion. All these calculations can be 
done on two sheets of paper. 

Let your Lordship keep his blessed mind at ease. For re- 
course to books for such an investigation is not indicative of a 
serious shortcoming and is not the same as the kind of recourse 
to books practiced at the present by others. 

What I have related concerning Q&dizüda should not make 
people think that there is ill-will and lack of understanding be- 
tween the two of us. There is a strong feeling of friendship and 
attachment between Qadizada and myself, and he acknowl- 
edges my superiority. He is not of such a disposition as to deny 
what is true or to be unfair. He himself asserts in the presence 
of others what this obedient servant has just said concerning 
him. He speaks and says so when he knows a thing, and he 
readily confesses it when he does not know. ` 

The developments to date in the activity pertaining to the 
observatory have been in accordance with what this servant 
proposed to His Majesty, may God preserve his realm and 
sovereignty. This was what happened, e.g., in the case of the 
nature of the observatory building and the nature of each 
instrument. His Majesty reflected upon the recommendations 
with lucid mind and prompt understanding. Whatever he 
approved he ordered to be carried out, and as to other cases, 
-he enriched them with new ideas and inferences and ordered 
the adoption of the modified versions. 

The truth is that his inferences are very apt and do not 
contain the slightest error. If in certain cases there happens to 
be anything concerning which we, his servants, have some 
doubt, the point is discussed; and no matter from what side 
the clarification of the mistake comes, His Majesty will at 
once accept it without the least hesitation. For it is his aim 
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to see that everything is thoroughly investigated and to have 
tbe work at the observatory accomplished in the best possible 
manner. 

Your Lordship may infer herefrom the degree of liberality 
and benevolence of that personage. And there is no need to 
expand upon this matter. He is, indeed, good-natured to the 
utmost degree of kindness and charity, so that, at times, there 
goes on, at the madrasa, between His Majesty and the students 
of the seekers of knowledge so much arguing back and forth 
on problems pertaining to any of the sciences that it would 
be difficult to describe it. He has ordered, in fact, that this 
should be the procedure, and he has allowed that in scientific 
questions there should be no agreeing until the matter is 
thoroughly understood and that people should not pretend 
to understand in order to be pleasing. Occasionally, when 
someone assented to His Majesty's view out of submission 
to his authority, His Majesty reprimanded him by saying “you 
are imputing ignorance to me." He also poses a false question, 
so that if anyone accepts it out of politeness he will reintroduce 
the matter and put the man to shame. 

When the said instrument (armillary sphere?) was completed 
it was brought to the side of the observatory. Every once in 
a while, when there is something to be done at the site of the 
Observatory, such as the determination of the meridian line, 
Qàdizáda too comes there. If there is any problem, he too 
speaks in an approving or disapproving manner, as mentioned 
earlier apropos of the leveling of the observatory grounds 
wherein they disapproved, and I explained the matter to him. 

The rest of the professors too present themselves to the 
observatory grounds and try to be obliging. The time for the 
difficult parts of the work has not come yet. For at the present 
the building is being constructed. When it is brought to com- 
pletion and the instruments are completed and set up in their 
places, then observation, which consists of watching the stellar 
bodies through sights, will be made and measurements will be 
ascertained, and after that the eccentricities, the radii of 
epicycles, the degrees of inclination of the apse lines, the mean 
Motions, and the distances of centers of constant speed to 
Centers of eccentricity, etc., will have to be determined from 
these observations. It is then that work really starts. 

It is not appropriate to be too lengthy. May your exalted 
shadow be unceasing and perpetual. 

The least of your slaves, 
Ghiyàth? 


7 Ibid., pp. 106-110. 
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After Samarkand, the only other notable observatories in 
Islam were those of Istanbul in the tenth/sixteenth century, 
and the series of observatories constructed by the Hindu 
prince Jai Singh in Delhi, Jaipur, Ujjain and other Indian 
cities, in which the traditions of Indian and Islamic astron- 
omy were combined. The Istanbul observatory was con- 
structed in the tenth/sixteenth century by the Ottoman 
sultan Murad III for his court astronomer Taqi al-Din. It 
was contemporaneous with the observatories of Tycho Brahe 
and may very well have exercised some influence on them, 
since there is a similarity between many of their instruments, 
But the observatory at Istanbul had a short life and, as can 
be seen from the following poem written at that time by the 
poet ‘Ala al-Din al-Mansür, its destruction was ordered by 
the sultan because of political intrigue: 


At this time, all of a sudden, the Potentate, who is the defender 
of the Religion, 

Spoke thus to his astronomer Taqi al Din: 

*People of learning have made inquiries concerning this: 

Oh you learned man of conscientiousness and perfection, 

Inform me once more on the progress and the results of the 
observations. 

Have you untangled knots from the firmament in a hair-splitting 
manner?" . 

Taqi al Din answered, “In the Zij of Ulugh Bey 

'There were many doubtful points, oh exalted king; 

Now through observations the tables have been corrected, 

And out of grief the heart of the foe has withered and twisted 
into coils. 

From now on, order the abolishment of the Observatory, 

To the consternation of the ill-wishers and the jealous.” 

The King of Kings summoned the Head of the Halberdiers of 
his body guard 

And gave him instructions concerning the demolition and the 
abolishment of the Observatory. 

Orders were given that the Admiral 

Should immediately rush to the Marine Ordnance Division 

And that they should at once wreck the Observatory 

And pull it down from its apogee to the perigee.? 


8 This poem by ‘Ala? al-Din al-Mansir is quoted by A. Sayili in his The 
Observatory in Islam (Ankara: Türk Taríh Kurumu Basimevi, 1960), pp. 
292-293, from’ his own English translation of the same poem in Türk 
Tarih Kurumu Belleten, Vol. XX, No. 79 (1956), pp. 481—482. 
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E. The Hospitals 


The hospital was also of importance as an institution of 
learning, inasmuch as most of the teaching of clinical medi- 
cine was done in hospitals. While the theoretical aspect of 
medicine continued to be dealt with in both mosque and 
madrasah, the practical side was usually taught in the 
hospitals, many of which had libraries and schools especially 
designed for that purpose. The earliest hospital in Islam was 
that built in 88/707 by the Umayyad caliph Walid ibn 
‘Abd al-Malik in Damascus. Very likely he was influenced 
by the model hospitals of the pre-Islamic period, such as 
e of Jundishapur, which was quite elaborate, even for. that 

e. 

The Abbasid caliphs organized medical education so that 
students, after undergoing both theoretical and practical 
training, wrote a treatise—like the modern thesis—and upon 
its acceptance received a permit or diploma from their 
professor, giving them permission to practice medicine. They 
also had to take the Hippocratic oath. 

Many great hospitals were built either by rulers or by 
private individuals throughout the Islamic world, such as 
the Mansüri hospital in Cairo, which is still standing, or the 
Nüri hospital of Damascus of the sixth/twelfth century, one 
of the largest hospitals ever to be built in the Islamic world. 
Hospitals were either constructed for a particular physician, 
Or later put under the direction of a particularly eminent. 
doctor. For example, Rhazes was placed in charge of a 
hospital, in which he worked and also taught his students. 

e hospital thus served as an institution of learning as well, 
and became an auxiliary of the mosque schools in which the 
theoretical principles of natural philosophy and its branches, 
Including medicine, were taught. 
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F. The Suft Centers 


Finally, among the institutions of learning we must 
consider the Sufi centers, which in singular form are called 
either zàwiyah or khanaqah. In the earlier centuries of Islam, 
these centers served, as was to be expected, as the meeting 
place of the Sufis, where they performed their various spiritual 
exercises (especially the invocation) and where those who 
were ready were able to receive initiation into the Divine 
Mysteries. Here, those who had not been satisfied with 
formal learning alone, but had searched after the light of 
certainty and sought a direct vision of the truth, left the talk 
and discussion (gil and qàl) of the schools to discover the 
ecstasies of contemplation (hdl), under the direction of a 
spiritual master. That is why the gnostics and the "rational- 
ists" (or the possessors of the esoteric and the exoteric 
sciences) are often called the people of hdl and qàl, respec- 
tively. In this manner, the Sufi centers served as a center of 
learning, but a learning which was not to be found in books, and 
for the discovery of which it was not sufficient to train the 
mental faculties alone. They served as centers in which the 
qualified could realize the highest form of knowledge (gnosis), 
the attainment of which requires purification of the soul as 
well as of the mind. 

After the Mongol invasion, however, the Sufi centers 
became in an ever more outward manner, institutions of 
learning. In the Eastern lands of Islam, with the destruction 
of the external institutions of society which resulted from 
that invasion, there was no organization capable of beginning 
the process of rebuilding, except that "society within society" 
which the Sufi orders may be said to be. Just as, for some 
time, the task of preserving law and order and helping 
justice to prevail over brute force fell to the Sufi orders, so 
also the Sufi centers became institutions of learning, in 
which in addition to the esoteric sciences and gnosis, the 
branches of the arts and sciences that had previously been 
taught in the mosque schools now found a refuge. The 
kháünaqüh must thus be considered as one of the essential 
institutions of learning in Islam, not only because from the 
beginning it was the place in which instruction in the highest 
form of science or gnosis was given, but also because during 
the later period of Islamic history, it began to fulfill also 
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the function of the mosque schools in many parts of the 
Islamic world. The Sufi center thus played its role—along 
with the mosque school, the observatory and the hospital— 
as one of the major institutions responsible for the cultiva- 
tion and propagation of the sciences in Islam. 


CHAPTER THREE 


COSMOLOGY, COSMOGRAPHT, 
GEOGRAPHY, AND 
NATURAL HISTORY 


A. Cosmology and Cosmography 


THE STUDY OP THE COSMOS and its parts takes in a vast 
panorama which is covered by many scientific disciplines. 
In classical Islamic civilization, it was. of interest to the 
natural scientist, the geographer, and the historian as well 
as to the theologian, the philosopher and the gnostic. All 
such studies, dealing with various parts of the cosmos—what 
must be considered technically as the cosmological sciences— 
took place within the framework of Islamic cosmology, whose 
basic tenets are derived from the Quran. One can hardly 
avoid the conclusion that not only did the law of Muslim 
society become that which had been promulgated in the 
Islamic revelation, but also that the cosmic environment in 
which Islamic civilization flourished became to a large extent 
Islamized. 

There were many forms of cosmology developed in Islam 
by various schools; we shall refer to some of these in succeed- 
ing chapters. In all these cosmologies, a certain number of 
forms and symbols from the world of Nature are chosen 
to depict the cosmos—not in any ad hoc manner, however, 
but in the particular way that is in conformance with the 
Islamic world view. Traditional cosmology, whether Islamic 
or belonging to other traditions, is thus like sacred art which, 
out of many possible forms, chooses a certain number, in 
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order to paint an icon with a definite and particular meaning, 
designed more for contemplation than for analysis. 

The basic principles of all the cosmologies developed in 
Jslam are the same; they can be found in the background 
of most cosmologies and cosmographies—whether these be 
by the natural historians and cosmographers or the philoso- 
phers or, for that matter, by the Sufis who, in their writings, 
have given the clearest exposition of them. These principles 
concern themselves essentially with the unity and gradation 
of being—with the assertion that, metaphysically, reality is 
ultimately one and not many, and yet cosmologically the 
sensible world is only one of many states of being, all of 
which are, to use the Sufi expression, so many “Divine 
Presences.” Following the terminology derived from the 
Quran, Muslim authors usually speak of five states of being 
Or "presences," which are: the world of Divine Essence or 
“Ipseity” (hàhüt); the world of the Divine Names and 
Qualities, or Universal Intellect, also identified with Pure 
Being (lahüt); the intelligible world, or the world of angelic 
Substances (jabariit); the world of psychic and “subtle” 
manifestation (malaküt); finally, the terrestrial or physical 
domain, dominated by man (násüt). Sometimes a sixth state 
Of being is added—that of the Universal Man (al-insan al- 
kamil), in which these states are contained. 

Each state of being is the principle of that which stands 
below it. Moreover, according to the Quranic statement that 
God is the First and the Last, the Hidden and the Mani- 
fested, these states of being have been conceptualized in 
two different but complementary ways. To the two Divine 
Attributes—the First and Last—corresponds the reliance in 
time of the world upon its Divine Origin. “God is the First" 
implies that the cosmos begins from Him; “He is the Last" 
implies that it returns unto Him. 

he two different interpretations which arise from the 
consideration of God as the Hidden and the Manifested 
Pertain to "space"—to “qualified” and "sacred" space—just 
as the first two were concerned with time. Taken as Mani- 
fested, God becomes the reality that englobes all, that 
. Covers” and "encompasses" the cosmos. In this view, physi- 
. Cal manifestation may be regarded as the innermost circle 
© of a set of five concentric circles, followed by the other 
States of being respectively, with the outermost circle 
Symbolizing the Divine Essence—a view which resembles 
the cosmological schemes of Avicenna, Dante, and others, 
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for whom the journey through the cosmos, from the earth 
to the primum mobile, symbolized the gradual and successive 
realization of the various states of being, finally resulting in 
the state of contemplation of the Divine Itself. 

As for the other view of God as the Hidden, the cos- 
mological scheme becomes there reversed, in the sense that, 
if we consider once again a set of concentric circles, it is 
the physical or gross manifestation that is the outermost 
circle, and the Divine Essence that is the innermost one. 
This latter scheme, moreover, is more in conformity with 
the microcosmic point of view than is the former. It can be 
regarded as a symbol of the microcosm, of man, in whom 
the physical is the most outwardly manifested aspect and 
his spiritual nature the most hidden. The former scheme 
also conforms more closely to the macrocosmic view, in 
which the physical world, for all its vastness, is but a small 
portion of the cosmos in its totality, and is enveloped and 
contained by it. The two schemes, the microcosmic and 
the macrocosmic, are thus analogous; they correspond to 
each other, at the same time that one is the reverse of the other. 
They thus present a further instance of the principle of 
reverse analogy, so essential to the interpretation of symbols. 

These general cosmological principles are present in all 
phases of the Islamic sciences. One can hardly overestimate 
their importance in determining the framework within 
which Muslim scientists studied the world of Nature. They 
are to the Islamic sciences what the rationalistic philosophy of 
the seventeenth century, whether consciously understood so 
or not, is to modern science. For example, the fundamental 
difference between the interpretations of Muslim natural 
historians and of modern biologists with regard to fossils and 
older forms of life arises from the fact that, for the former, 
the world of physical nature is dominated by a higher level 
of reality, which transcends it, while for the nineteenth- 
century natural historians and their modern followers such 
a conception does not exist. As a result, the same “data” 
and “observations” have been interpreted in different lights, 
and the “spatial” and “vertical” gradation of the medieval 
scientists converted into a purely temporal and “horizontal” 
evolution which now, in such theories as those of Teilhard 
de Chardin, even seeks to make the higher states of being 
a kind of sublimation of the physical domain which has 
resulted from the very process of “horizontal” evolution. 
However, the idea of evolution, as usually interpreted, is 
metaphysically and theologically unacceptable and Teilhard 
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de Chardin did no more than try the impossible, namely 
to correlate the theological teachings of the Church with 
the concept of evolution understood in its purely "horizontal" 
sense. The rise of this conception of evolution—truly a 
parody of the medieval conception of gradation and of the 
hierarchy of the states of being—shows clearly how significant 
the cosmological background is to the cultivation of the 
sciences of Nature, which cannot escape having a world-view, 
or a general view about the cosmos, derived from sources 
other than the natural sciences themselves. 

Islamic cosmology depends upon the particular spirit and 
form of the Islamic revelation, not only in its general princi- 
ples, but also in its formulations and terminology. There is 
the germ of a complete cosmology and cosmography in the 
Quran; on this, the later Sufis, philosophers and scientists 
elaborated. The Quran speaks of the seven earths and seven 
heavens, of the Divine Pedestal (kursi) and Throne (<arsh), 
of the cosmic mountain Qa/, and of the cosmic tree all of 
which became important elements of Islamic cosmology. The 
most important verses of the Quran on this subject, com- 
mentaries on which have developed into some of the basic 
Islamic cosmological treatises, are the Throne verse and 
the Light verse. The first of these asserts majestically the 
dependence of all things upon God; the second outlines, in 
a set of important symbols, both a cosmology and a spiritual 
psychology. The Throne verse is as follows: 


Allah! There is no God save Him, the Alive, the Eternal. 
Neither slumber nor sleep overtaketh Him. Unto Him belongeth 
whatsoever is in the heavens and whatsoever is in the earth. 
Who is he that intercedeth with Him save by His leave? He 
knoweth that which is in front of them and that which is bebind 
them, while they encompass nothing of His knowledge save 
what He will. His throne includeth the heavens and the earth, 
and He is never weary of preserving them. He is the Sublime, 
the Tremendous. [2:255.] 


As for the Light verse, it practically created an obligation 
for the learned men to write a commentary upon it. There 
are, therefore, dozens of commentaries on this verse, by 

.. Such famous philosophers and scientists as al-Farabi, Avicen- 
.. Ma, al-Ghazzali and Mulla Sadrà, each of which drew a 
, Certain meaning from the many levels of interpretation to 
Which the sacred text lends itself. 
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The text of the verse is as follows: 


Allah is the Light of the heavens and the earth. His Light 
is as a niche, wherein is a lamp. The lamp is in a glass. The 
glass is, as it were, a shining star. (This lamp is) kindled from 
a blessed tree, an olive neither of the East nor of the West, 
whose oil would almost glow forth (of itself) though no fire 
touched it. Light upon light, Allah guideth into His light whom 
He will. And Allah speaketh to mankind in allegories, for 
Allah is Knower of all things. [24:35.] 


Avicenna, in his commentary upon this verse interprets 
it in a microcosmic sense. This commentary is contained 
in the third chapter of his last philosophical masterpiece, 
The Book of Directives and Remarks: 


Among the faculties of the soul, there are those that the 
soul possesses inasmuch as it is in need of growth and perfection, 
so that it can reach the state of intellect in act. The first faculty 
is that which prepares the soul for receiving the intelligibles, 
some call it the intellectus materialis; it is the niche. Above this 
is another faculty which the soul possesses when it has received 
the first intelligibles, and is prepared to receive the second. 
The second intelligibles can be acquired either by reflection, or 
by intention (which is stronger). The first is symbolized by the 
olive tree, the second by the olive oil itself. In both instances, the 
soul at this stage is called íntellectus in habitu, and is like 
the glass. As for the noble soul that possesses the saintly faculty, 
the phrase whose oil would almost glow forth holds true for it. 
It is after this stage that the soul possesses a faculty and a 
perfection; and this perfection is that it "sees" the intelligibles 
themselves in act, in an intuition which represents them in the 
mind so that they are manifested to it. The impinging of the 
intelligibles upon the mind is like light upon light. After this 
is a faculty which can bring forth and contemplate intelligibles 
which had been previously acquired by the soul, without its 
having to acquire them anew. This faculty, which is as though 
illuminated by itself, is like the lamp. That perfection is called 
intellectus in habitu and the faculty intellectus in actu. And 
that which causes the soul to pass through these stages from 
the intellectus in habitu to the intellectus in actu, and from the 
intellectus materialis to the intellectus in habitu, is the active 
intellect, which is like the fire.* 


1 Avicenna, Al-Isharat wal-tanbihat (The Book of Directives and Re- 
marks) (Cairo: Dar al-marif, 1959), pp. 364-367. Translated by 


S. H. Nasr. 
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Islamic cosmology and cosmography are also based upon 
the angelology derived from Quranic sources. The description 
of the cosmos always takes into account not only the cor- 

oreal and terrestrial domains, but also all formal manifesta- 

tions, and thus includes the angelic world as well. In fact, 
the Quranic angelology was developed into an elaborate 
system by Muslim authors, although certain philosophers and 
sages, such as Suhrawardi also made use of the symbolism of 
Mazdaean angelology. The popular treatises on cosmography, 
which treat of the structure of the heavens, as well as of 
geography and natural history—for example, The Wonders 
of Creation of Abii Yahya al-Qazwini (the so-called Pliny 
of the Arabs)——are based essentially upon a study of the 
angels who act as the moving and guiding forces of the 
world of Nature, and also as the model after which man 
should seek to strive. 

The writing of large treatises on cosmography, which 
sought to describe the entire universe, with special emphasis 
upon natural history, and with the aim of displaying God’s 
wisdom in creation, came into vogue during the later period 
. of Islamic history, especially from the sixth/twelfth century 
onward. Many of these works were called The Wonders of 
Creation, among them being that of the sixth/twelfth century 
Muhammad al-Tüsi, and the more famous work of the 
above-mentioned Abū Yahya al-Qazwini, which appeared a 
century later and is also known as The Cosmography. Like- 
wise during the eighth/fourteenth century, there are several 
well-known cosmographies, such as Selections of the Age 
on the Wonders of Land and Sea by Shams al-Din al- 
Dimashqi (which became well known in the Western world 
during the nineteenth century through a French translation 
. by the Danish orientalist, A. F. von Mehren), and The 
Delights of the Heart, by the Persian historian and naturalist 
Hamdallah al-Mustaufi al-Qazwini, which contains a detailed 
Study of geography, mineralogy, botany, zoology, and anthro- 
Pology. These works, which are in reality scientific encyclo- 
Pedias—along with such universal histories as those of 
al-Tabari and al-Mas:üdi—serve as valuable sources for an 
Understanding of the general Muslim vision of the world, 
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B. Geography 


Geography is one of the sciences most cultivated by the 
Muslims. In it, they left behind a very large number of 
writings, mainly in Arabic, but also in Persian and Turkish. 
The possibility of traveling from the Atlantic to the Pacific 
without having to cross any real frontiers—as well as the 
annual pilgrimage to Mecca in which an opportunity was 
provided both for a long journey and for the exchange of 
ideas with scholars from nearly every part of the known 
world of that time—both these helped to enrich Islamic 
geography beyond what was known to the Greeks and 
Romans, or to the medieval Latin authors. Al-Birüni, after 
discussing the difficulty of gaining geographic knowledge in 
ancient times, writes in The Book of the Demarkation of 
the Limits of Areas: 


But now (the circumstances are quite different). Islam has 
already penetrated from the eastern countries of the earth 
to the western; it spreads westward to Spain (Andalus), 
eastward to the borderland of China and to the middle of 
India, southward to Abyssinia and the countries of Zanj (i.e., 
South Africa, the Malay Archipelago and Java), northward 
to the countries of the Turks and Slavs. Thus the different 
peoples are brought together in mutual understanding, which 
only God’s own Art can bring to pass. And of those (who 
could be obstructive to cultural relations) only common vaga- 
bonds and highway robbers are left. The remaining obstinate 
unbelievers have become timid and tame; they now respect 
the followers of Islam and seek peace with them. 

To obtain information concerning places of the earth has 
now become incomparably easier and safer (than it was before). 
Now we find a crowd of places, which in the (Ptolemaic) 
“Geography” are indicated as lying to the east of other places, 
actually situated to the west of the others named, and vice 
versa. The reasons (of such errors) are either confusion of 
the data as to the distance on which the longitude and latitude 
were eStimated, or that the populations have changed their 
former places.? 


2 From al-Biriini’s The Book of the Demarkation of the Limits of Areas, 
n Ahmad, Muslim Contributions to Geography (Lahore: M. Ashraf, 
, P. 3d. 
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Geographical studies among the Muslims included not 
only the lands of Andalusia, North Africa, South Europe, 


T and the Asiatic land mass, but also the Indian Ocean and 


all the adjacent seas. The Muslims were able to sail over 
the high seas, improving the means of navigation and the 
art of cartography, which was closely connected with it. 

Astrolabes were also perfected for sailing. 

Geography in Islam was also closely tied to astronomy; 
observatories carried out geographic measurements, such 
. as the determination of latitudes and longitudes, and the 
degree of arc, for which several different methods were 
employed. In fact, al-Birüni has often been regarded as the 
founder of the science of geodesy, because of the detailed 
and systematized studies he made of the measurements of 
the features of the earth's surface. Geographical problems 
also included the question of the possible motion of the 
earth, which was treated by such authors as al-Birüni in 
several of his works, as well as by Qutb al-Din al-Shirazi in 
his On the Highest Understanding of the Knowledge of 
the Spheres. 

In Islamic geographical texts, descriptive and symbolic 
geography are often combined, so that there is no sharp 
distinction between scientific geography, as it is understood 
in the modern sense, and the sacred geography in which 
directions, mountains, rivers, islands, etc., become symbols 
of the celestial world. The Muslim conception of the earth 
has been always dominated by the central cosmic mountain, 
Qàf, and the seven climates, which are the terrestrial image 
Of the celestial order, and have their correspondence with 
the heavens. This is expressed through an astrological sym- 

lism in which each climate is connected to a planet and 
a zodiacal sign. The climates, which are the counterparts of 

€ seven heavens, were known to the Babylonians and the 
ks, as well as to the ancient Iranians, who had a con- 
centric rather than longitudinal conception of it. The Quran 
also speaks of the seven earths, which the M. tim geographers 
Interpreted as the seven traditional climates, and within 
Whose matrix they made their detailed study of various 
regions. 

The geographers in Islam made much use of the Geography 
9f Ptolemy, which became the foundation stone of this 
- Science among the Muslims. The first noted Muslim figure 
MQ this field was Hisham al-Kalbi, who flourished early in 
„Me third/ninth century, and who is particularly known for 
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his study of Arabia. He was followed, during this period, 
which marks the real beginning of scientific activity among 
the Muslims, by several well-known geographers, of whom 
the earliest is Muhammad ibn Misa al-Khwarazmi, the famed 
mathematician and astronomer, whom we shall discuss in 
greater detail in future chapters. In geography, al-Khw4razmi 
helped lay the foundation of this science among the Muslims 
with his Shape of the Earth, which was an improvement 
upon Ptolemy's work, in its texts as well as in the maps which 
it provided. 

Also writing in the third/ninth century were al-Kindi, 
the celebrated philosopher and author of the Description 
of the Inhabited Parts of the Earth, and al-Ya:qübi, whose 
Book of Countries is particularly noted for its topographical 
studies. During that century, as the result of the establishment 
of a regular postal system and of the need for studying the 
routes of various provinces closely, there appeared a series 
of works entitled Routes and Kingdoms by such figures as 
al-Kindi's students, Ahmad al-Sarakhsi and Ibn Khurdadhbih. 
These were followed, during the next century, by the works 
of Abū Zaid al-Balkhi, al-Istakhri and Ibn Hauaal, all of 
which bear the same title. The series of geographical works 
bearing this name are among the most important contribu- 
tions to Islamic geography. 

The third/ninth and fourth/tenth century also mark the 
rise of navigation in the Indian Ocean by Muslim sailors, 
and the discovery of the Far East. The first description of 
China, in fact, dates from this period, when Sulaiman the 
Merchant wrote of his sea voyages to that country. It was 
these and similar travels that finally produced the legend 
of Sindbad the Sailor in the Thousand and One Nights, as 
well as all the other similar but less well-known stories of 
the adventurers of the high seas. These voyages also con- 
tributed to the geographical knowledge of those regions, 
which became incorporated into later compendia. 

In the fourth/tenth century, in addition to the several 
books of Routes and Kingdoms already noted, there appeared 
such important geographical writings as the large encyclo- 
pedia of Ibn Rustah, the accounts of the travels of Ibn 
Fadlan, one of the first of the traveling geographers in 
Islam who journeyed through the Volga and Caspian regions, 
and the Figures of the Climes of the above-mentioned 
Abü Zaid al-Balkhi, who was one of the early mapmakers. 
Also belonging in this period is the Best Division for the 
Knowledge of the Climes of al-Maqdisi who, starting from 
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Jerusalem, visited nearly every part of the Islamic world, and 
the anonymous Boundaries of the World, the first notable 
geographical treatise in Persian. 

The most important geographer, historian, and naturalist 
of this period was Abwl-Hasan al-Mas‘idi, who must be 
regarded as among the greatest of Muslim historians and 
scientists, although many of his works—such as his thirty- 
volume universal history—have been lost. But his Meadows 
of Gold and Mines of Gems, which contains a wealth of 
material on geography, geology and natural history (as well 
as the first written description of the windmill), and The 
Book of Indication and Revision, written at the end of his life 
as a summary of his general world view and philosophy, are 
sufficient to warrant his great reputation. 

In the fifth/eleventh century, Nasir-i Khusrau, a leading 
Ismaili philosopher and Persian poet wrote his Diary, 
which contains a good many descriptions of the geography 
of the Middle East. At the same time, al-Bakri, the oldest 
of the Andalusian geographers, composed his book of 
Routes and Kingdoms, as well as his Geographical Dictionary, 
beginning a tradition in geographical studies that was con- 
tinued during the next century. Al-Birüni, with whom we 
shall deal more fully in later chapters, composed several 
geographical works, of which The Book of the Demarkation 
of the Limits of Areas is perhaps the most important. He 
devised a new method for measuring latitudes and longitudes, 
and carried out his own measurements to determine, the 
antipodes and the roundness of the earth, as well as the 
elevation and other geographical characteristics of many 
cities. He also made a study of the geography of India, 
contained in his /ndia. : 

The sixth/twelfth century was marked by a series of sea- 
Voyages and route-books, written by several famous sailors, 
Such as Sahl ibn Abàn. Several local geographies also ap- 
` peared, of which one of the best known is al-Zamakhshari's 
The Book of Fars, dealing with the southern Persian province 
Of Fars, which has given its name to the whole country and 
Its language. The most important geographers of this period 
were from the Western lands of Islam, especially Andalusia. 
Al-Zuhri of Granada wrote his Geography at this time; his 
compatriot, al-Màzini, who also flourished during this period, 
fraveled widely throughout the Near East, the Balkans and 
€rsia and wrote a treatise called The Collection of Singu- 

ties Relative to some of the Marvels of the Maghrib. Ibn 
Jubair, one of the best known of Muslim travelers, who was 
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a contemporary of these figures, also came from Spain, having 
been born in Valencia, and wrote an account of his journeys 
which contains much of geographic interest. 

The best-known geographer of this century, and perhaps 
the most outstanding figure in this science during the entire 
Middle Ages, was Abū <Abdallah al-Idrisi, who was born 
in Ceuta in 494/1101 and flourished at the Norman court 
at Palermo. Here he composed The Book of Roger, for 
Roger II—a work which contains the most elaborate descrip- 
tion of the world made in medieval times. He later wrote 
an even larger geographical encyclopedia entitled Pleasures 
of Men and Delights of Souls, the integral text of which 
has however been lost. Al-Idrisi was also a natural historian, 
and his botanical studies (which were along Aristotelian 
lines but independent of those by Theophrastus) are of 
interest. Moreover, he constructed a celestial sphere, and a 
model of the known world of that time in the form of a 
disc, which made him one of the outstanding Muslim 
cartographers. 

In the seventh/thirteenth century numerous geographical 
manuscripts appeared. Of these, Yaqiit al-Hamawi's Geo- 
graphical Dictionary is the best. Yaqüt, who was of Greek 
extraction, and had been sold as a slave in Baghdad, 
traveled widely over the Islamic world; he composed this 
work, which has always been very highly regarded in the 
Islamic world, from both personal observation and knowledge 
derived from earlier sources. Meanwhile, his contemporary, 
Ibn Sad of Granada, who became a guest of Hulagu in 
the East, wrote The Extent of the Earth in Length and 
Breadth; somewhat later, the Egyptian Abwl-Fidà», besides 
writing a universal history, composed a text on geography 
called Valuation of Countries which became well known in 
the West. l 

The most important works of geography during the eighth/ 
fourteenth century are the cosmographical treatises, such as 
that of the above-mentioned Shams al-Din al-Dimashqī, 
which contains much geographical knowledge, along with 
cosmography and natural history. There were also several 
travelers of note who wrote on geography, of whom the 
most famous is Ibn Battütah. 

After the eighth/fourteenth century, however, there was a 
gradual decline of interest in geography, as in the other 
natural and mathematical sciences. There are, to be sure, 
such works as the cosmographies of Hafiz Abrü and «Abd 
al-Razzaq al-Samargandi in the ninth/fifteenth century, and 
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the Description of Africa by the tenth/sixteenth century John 
Leo the African, who, although originally a Muslim from Fez, 
became a Christian after he was captured by Christian corsairs 
^. and lived in Italy. Yet there was an unmistakable decline in the 
© production of first-rate geographical studies after the eighth/ 
< fourteenth century, the only exception to this rule being the 
Indian geographers, many of Persian origin, at the Mogul 
court, who composed valuable works, like the A^in-i akbari of 
«Allàmi, dedicated to the Emperor Akbar, and the Seven 
Climates of Ahmad al-Ràzi, along with the Turks, who made 
significant geographical studies at this time. Descriptions of 
the World by Muhammad al-‘Ashiq and the geographical 
encyclopedia of Hajji Khalifah, which includes the first at- 
tempt to compare European and Islamic geography, contain 
much new material, especially in the field of oceanography 
and the geography of the islands of the Indian Ocean. Under 
the Turks, who had by now become a world power, a series 
of sea voyages took place, which resulted in Ibn Maájid's 
Book of Instructions on Nautical Principles and Regulations, 
Sulaiman al-Mahri's several works on the Indian Ocean and 
the Malay Archipelago; the Oceanography of the Turkish 
admiral Sidi *Ali and the cartographical studies of Piri 
Rais, another admiral, who made use of the last map of 
Columbus. In this field, at least, we see the penetration of 
Renaissance science into the Islamic world at a time when 
` the Muslim tradition in geography was still flourishing, 
albeit its activity had decreased after reaching its height 
during. the period from the sixth/tenth through the eighth/ 
fourteenth century. 

. To gain a first-hand acquaintance with some of the more 
important geographic ideas in Islam, we turn first to Yaqüt's 
unequaled Geographical Dictionary. In the opening section 
of the introduction, Yāqūt describes the spirit in which 
nm geographers usually approached the study of this 
eld: 


PRAISE BE to God who has made the earth like unto an 
expanse and the mountains like unto stakes, and spread there- 
from peaks and gorges, deserts and towns; who has caused 
rivers to gush forth through the land, and streams and seas to 
flow; and who has guided His creatures to take dwellings unto 
themselves and to construct well-made buildings and homes. 
Whereupon they have raised edifices and founded cities, carved 
habitations out of mountains, and contrived wells and cisterns. 
He has made their eagerness to raise that which they have 
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raised and to build that which they have built, a warning to 
the heedless and an example to following generations. He 
said, and He is the most truthful of sayers: 


*Have they not journeyed through the land and beheld the 
end of those before them who were more numerous than 
they and mightier in strength, and who left a greater mark 
upon the earth? Yet all that of which they possessed them- 
selves availed them not." [Quràn, XL, 82.] 


I give praise unto Him for that which He has given and 
bestowed, for inspiring rectitude and guiding to it, for impart- 
ing understanding and making wisdom manifest. May God 
bless Muhammad—the elect among His prophets and apostles, 
the most favored among the pious and those beloved of Him, 
he who was sent with guidance and with the perspicuous 
religion, of whom it is written, “We sent thee not, save as a 
mercy to all creatures," [Qur'àn, XXI, 107}—and the noble 
and saintly members of his household and the select and 
righteous Companions. May God save and preserve them all. 

This is a book on the names of countries; on mountains, 
valleys, and plains; on villages, post-houses, and dwellings; 
on Seas, rivers, and lakes; on idols, graven images, and objects 
of heathen worship. I have not undertaken to write this book, 
nor dedicated myself to composing it, in a spirit of frolic or 
diversion. Nor have I been impelled to do so by dread or desire; 
nor moved by longing for my native land; nor prompted by 
yearning for one who is loving and compassionate. Rather, 
I considered it my duty to address myself to this task, and, being 
capable of performing it, I regarded responding to its challenge 
as an inescapable obligation. 

I was made aware of it by the great and glorious Book, and 
was guided to it by the Great Tidings, wherein God said, 
glory and majesty to Him, when He wanted to manifest to His 
creatures His signs and warnings and establish their guilt by 
visiting upon them His painful wrath: 


“Have they not journeyed through the land? And have 
they not hearts to understand with, or ears to hear with? 
Surely as to these things their eyes are not blind, but the 
hearts which are within their breasts are blind.” [Quràn, 
XXII, 45.] 


This is a reproof to him who has journeyed through the 
world and has not heeded the warning, and to him who has 
contemplated the departed centuries and has not been deterred. 


“God said, and He is the most truthful of sayers: ‘Say: 
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Journey through the land and behold the manner in which the 
disbelievers have met their end.” (Quran, VI, 11.] 


In other words, consider how their dwelling places were 
razed, all traces of them obliterated, and their lights extin- 
guished in punishment for disregarding His commandments 
and transgressing against His prohibitions. This message is 
found in other unabrogated verses setting forth irrevocable 
commandments and prohibitions. 

The first verse is a reprimand, clearly set forth, because of 
previous prohibition of the offense. The second is a com- 
mandment manifestly prescribing an obligation. ‘This is from 
the Book of God, which "shall remain untouched by falsehood, 
in the future as in the past," [Quràn, XLI, 42] and which shall 
never suffer impairment as to its composition or form. 

In traditions concerning righteous men of the past, «Isa ibn 
Maryam (Jesus Son of Mary) is quoted as saying: 


“The world is a place of visitation and an abode of transi- 
tion. Be you then travelers in it, and take warning from what 
remains of the traces of the early ones." 


Quss ibn Sàáddah, who the Prophet declared would be 
resurrected as an ummah [leader] by himself, said: 


“The most eloquent of sermons is journeying through the 
wilderness and contemplating the resting places of the dead." 
Poets have praised caliphs, kings, and princes for journeying 

through the land and for braving high peaks and precipitous 
gorges. One of them has said in praise of al-Mu‘tasim: 


“You ranged with power through all the land, 
As though you sought al-Khidr’s trail." 


The means for seeing [various places] may prove impossible 
of attainment, whereupon it becomes necessary to seek infor- 
mation pertaining thereto. It is therefore incumbent upon us 
to inform the Muslims of that which we know, and to come to 
their aid with that which God, in His beneficence, has bestowed 
upon us. Though the need for this particular knowledge is 
Shared by everyone who has a measure of learning, has acquired 
a part or parcel thereof, or who is known by it and bears the 
impress or the traces of one of its branches, yet I have not 
Come upon anyone who has emended the faulty nomenclature 
lof geography] or who has felt himself equal to the task of 
rectifying information concerning the routes and regions per- 
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taining to it. Rather I have found that the majority of the 
transmitters of the akhbar (usages of the Prophet) and the 
eminent narrators of poetry and the athar (usages of the Com- 
panions), who have devoted all their time to these studies and 
exhausted their lives and efforts in such endeavors, have perse- 
vered with success in doing what is right; entering the gardens 
of wisdom through the gateways of every pursuit, excelling 
in the various fields of the letters and the sciences; in the 
recitation of the sunan (practices of the Prophet) and the 
Gthar, and in the narration of the hadith (traditions of the 
Prophet) and the akhbar. For they attain to a knowledge of 
the meaning of these studies, whereby they deduce the signifi- 
cance of preceding words from those which follow. For words, 
as it were, are like links in a chain, the end leading to the be- 
ginning and the beginning leading to the end.® 


The Muslim geographers, besides dividing the earth into 


seven climates, also made several other divisions. For 


example, al-Mas:üdi in his Meadows of Gold and Mines of 


Gems writes: 


. . . the mathematicians have divided the earth into four 
quarters, the east, west, north, and south. Another division 
is into the inhabited and uninhabited, cultivated and unculti- 
vated world. They say the earth is round, its centre falls in the 
midst of the heaven, and the air surrounds it from all sides. 
It is the dot (centre) in reference to the zodiac. 

The cultivated land is considered to begin from the Eternal 
Islands (Fortunate Islands) ... in the Western Ocean, which 
is a group of six flourishing islands, and to extend as far as the 
extremity of China. . . . They found that this is a space of 
twelve hours (of the daily revolution of the sun); for they know 
that when the sun sets in the extremity of China, it rises again 
in the cultivated islands of the Western Ocean; and when it 
sets in these islands, it rises in the extremity of China. This is 
half the circumference of the earth, and the length of the 
cultivated parts of the globe, which, if reduced into miles, 
amounts to thirteen thousand five hundred geographical miles. 

The researches into the breadth of the cultivated land have 
shown that it extends from the equator as far north as the Isle 
of Thule . . . which belongs to Britannia . . . and where the 
longest day has twenty hours. 

They state that there is a point of the equator of the earth 
between east and west, which falls in an island between India 
and Habesh (Abyssinia), somewhat south of these two coun- 


3 The Introductory Chapters of Yügüt's Mujam al-Buldàn, translated and 
annotated by Wadie Jwaideh (Leiden: E. J. Brill, 1959), pp. 1-4. 
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tries; and as it is in the middle, between north and south, so 
itis in the middle between the Fortunate Islands and the utmost 
cultivated districts of China; and this is known by the name 
of the Dome of the Earth . . . and defined by the description 
which we have just given. 


Al-Mas-üdi then turns to a consideration of the shape of 
lands and seas about which he writes: 


The philosophers are at variance about the form of the seas. 
Most of the ancients, such as the mathematicians of the Hindus 
and Greeks, believe that they are convex . .. (round). This 
hypothesis, however, is rejected by those who follow strictly 
the revelation. The former bring forward many arguments in 
proof of their statement. If you sail on the sea, land and 
mountains disappear gradually, until you lose even the sight 
of highest summits of the mountains, and, on the contrary, 
if you approach the coast, you gradually perceive, first, the 
mountains, and, when you come nearer, you see the trees and 
plains. 

This is the case with the mountain of Damawand¢. . . between 
er-Rai and Taberistán. It is to be seen at a distance of one 
hundred farsangs, on account of its height: from the summit 
rises a smoke; and it is covered with eternal snow, owing to 
its elevation. From the foot of the mountain gushes forth a 
copious river, the water of which is impregnated with sulphur, 
and of a yellow hue like the colour of gold. The mountain 
is so high that about three days and nights are required to 
ascend it. When on the top, a platform is discovered, of about 
& thousand cubits square; but as seen from below, it appears 
as if terminating in a cone. This platform is covered with red 
Sand (scoriae?), into which the feet sink. No animal can 
reach the summit, not even a bird, on account of the height, 
the wind, and the cold. On the top are about thirty holes, from 
Whence issue clouds of sulphurous smoke, which is seen from 
the sea. From the same wind-holes . - . proceeds, sometimes, 
8 noise to be compared with the loudest thunder, which is 
accompanied with flames. It frequently happens that a man 
Who exposes himself to danger, by climbing up to the highest 
mouths of these holes, brings a yellow sulphur back like gold, 
Which is used in different arts, in alchemy, and for other 
Purposes. From the top the mountains all around appear like 
- hillocks, however high they may be. This mountain is about 


nn 18,600-foot volc 


anic peak about fifty miles northeast of Tehran, from 


Op of which one can see the Caspian Sea to the north on a clear day. 


(S. H. Nasr) 
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twenty farsangs from the Caspian. If ships sail in this sea, and 
are very distant, they will not see it; but when they go towards 
the mountains of Taberistün, and are within a distance of one 
hundred farsangs, they perceive the north side of this mountain 
of Damàwand; and the nearer they come to the shore the more 
is seen of it. This is an evident proof of the spherical form of 
the water of the sea, which has the shape of a segment of a ball. 
In the same way if a man sails on the sea of er-Rüm 
(Mediterranean), which is the same as that of Egypt and of 
Syria, he loses sight of the mount el-Akra’ . . . which has a 
height beyond measure, and is near Ant&kiyah (Antioch) . . . 
and of the mountains of el-Ladikiyah (Laodicea), Atrabolos... 
(Tripolis), and those of the Isle of Kobros (Cyprus), . . . 
and other places in the Byzantine empire; and he does not see 
these places although nothing is between him and them.5 


These selections from the works of Yaqüt and al-Mas-üdt 
are far from sufficient to give a fair sample of the writings 
of the Muslim geographers, but they at least demonstrate 
the concern of the Muslim authors with the general principles 
of geography, within whose matrix they made their descrip- 
tive studies of various parts of the surface of the earth, as 
well as their particular observations. 


C. Natural History 


The study of natural history in medieval times, in Islam 
as well as in Christianity, included a large number of topics, 
ranging from geography, geology, botany, zoology, and 
anthropology to sacred history, mythology, and cosmogony. 
The Muslim universal historians, such as al-Tabari and 
al-Mas«üdi, began their history of mankind from the time 


5 El Masudi’s Historical Encyclopedia Entitled “Meadows of Gold and 
Mines of Gems," translated by A. Sprenger (London: Oriental Translation 
Fund, 1841), pp. 195-196; 211-214. 
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of creation, and considered the state of man's social existence 
in relation to his cosmic environment. Natural history in 
Islam has, in fact, usually been cultivated within the matrix 
of sacred history, just as in the Jewish tradition, in which 
authors like Philo wrote universal histories as commentaries 
upon the Old Testament, and particularly Genesis. In 
this tradition of writing natural history, no distinction is 
made between the sacred and the profane; all beings in the 
world are ultimately studied with respect to their Divine 
origin. 

The relatively rapid consolidation of the Islamic world, 
from Andalusia and Morocco to India, into one vast domain, 
in which a common religion, way of life and language were 
dominant, provided a special opportunity for the development 
of a tradition of natural history, just as it had for geography. 
The Muslim natural historians were able to acquire far 
greater knowledge of the various parts of the earth than can 
be found in such classical sources as the Historia Naturalis 
of Pliny. Many a traveler like Ibn Jubair or Ibn Battütah 
was able to journey from the Atlantic all the way to the heart 
of Asia and to record along the way his observations of the 
flora and fauna, and other natural features. 

In Islam, the works which are concerned with natural 
history fall into several categories. There are, first of all, 
the universal histories, some of which, like those of al-Tabari 
and Ibn Miskawaih, are more than anything else historical, 
while others, like the works of al-Birünt and al-Suyüti, com- 
bine history with the sciences of nature. There are- also 
geographical texts, such as those of al-Idrisi, which treat of 
questions of natural history. Another category of significance 
in this field is that of cosmographies, like The Wonders of 
Creation of Aba Yahya al-Qazwini, which often deal with 
Ccosmography in a mythological language, but also give 
descriptions based on the direct observation of phenomena 
and events, with a view toward highlighting the wonders of 
Creation. 

Aside from these large treatises, in which many subjects 
appear, there are texts in the domain of natural history which 
are devoted chiefly to a single subject—such as the Nabataean 
Agriculture of Ibn Wahshiyah, the Book of Agriculture of 
Ibn al-:Awwam, the Book of Animals of al-Jahiz, which 
deals with zoology from both a scientific and a theological 
Standpoint, and The Book of the Multitude of Knowledge of 
Precious Stones of al-Birüni, which deals with minerals. 

early all these works were written to show the wisdom of 
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the Creator in His creation. Most Muslim natural historians, 
like the medieval Christians, sought to study natural history 
not for "curiosity" but in order to observe the "signs of 
God," the Vestigia Dei, so that they were continually draw- 
ing spiritual and moral lessons from the study of the king- 
doms of Nature, and saw in the world of Nature a unified 
domain in which God's wisdom is everywhere manifested. 

Meet of the Greek texts on natural history, especially the 
works of Aristotle and Theophrastus, as well as some Indian 
and Persian works, were known to the Muslims. Already in 
the second/eighth century, the entourage of the sixth Shiite 
imam, Ja‘far al-Sadiq, included several scholars and scientists 
who were interested in this subject, and the imam himself 
left behind certain teachings connected with the various 
branches of natural history. Moreover, the corpus attributed 
to Jabir ibn Hayyàn also contains many treatises on various 
branches of natural history. One of the figures of the sec- 
ond/eighth century is al-Asma4d, who is one of the great 
literary figures of the Arabic language, and wrote several 
zoological treatises on the camel, the sheep, the horse, and 
many other animals, as well as on human anatomy. Although 
his interests were as much literary as well as scientific, 
al-Asma‘ is generally regarded as the first Muslim authority 
in zoology, beginning a tradition of writing about the lives 
of animals, in which the literary considerations play as great 
a role as the zoological ones. 

Early in the third/ninth century, there appeared two works, 
falsely attributed to Aristotle, which were widely read by 
later authors of natural histories. The first of these was the 
Secretum Secretorum, which is of Arabic, possibly of Syriac 
origin, and deals with physiognomy and other occult descrip- 
tions of Nature. This work was also well known in the West, 
in its Latin translation by Roger Bacon, as well as in its 
translation into such diverse languages as Catalan and 
Flemish. The second is The Lapidary of Aristotle, compiled 
from Persian and also Syriac sources, and differing from the 
mineralogy of Theophrastus. 

In the second half of the third/ninth century, al-Jahiz, 
Mu-tazilite scholar and man of letters, wrote his Book of 
Animals, which is the most famous Arabic work on zoology. 
Al-Jahiz, like al-Asma4, combined philology with zoology, 
and the Greek and Arabic traditions of animal lore. His Book 
of Animals had a marked influence upon all later writers on 
this subject, and in fact on Arabic literature in general, be- 
cause al-Jahiz is one of the foremost Arabic prose writers. 


Cosmology, Geography, Natural History 111 


In this work, traditions from many sources are accumulated, 
and scientific, literary, moral and religious studies of animals 
are combined. It set a standard for writing in natural history 
which was to be emulated by later authorities in the field. 

Another treatise, which became nearly as famous as that 
of al-Jáhiz, was the Nabataean Agriculture of Ibn Wahshiyah, 
which appeared shortly after al-Jahiz’s work but differs 
greatly from it in character. This work is not only a treatise 
on agriculture, as its name indicates, but also concerns itself 
with the occult properties of things. The author maintains 
that he is bringing to light the esoteric teachings of the 
ancient Babylonians; more likely, he was expounding certain 
beliefs of his own time in Mesopotamia, which probably con- 
tained elements of the doctrines of the Nabataeans, who were 
descendants of the old Chaldeans and spoke Aramaic. In 
any case the Nabataean Agriculture, along with many other 
treatises attributed to Ibn Wahshiyah, became among the 
most widely read works on that branch of natural history 
which sought to deal with the hidden properties of things. 
Moreover, Ibn Wahshiyah has always been regarded as one 
of the authorities in such domains as astrology, magic, nu- 
merology, and other branches of the occult sciences. There 
are many well-known figures such as Shams al-Din al-Büni, 
who wrote numerous treatises on this branch of the his- 
tory of science, a field that is of far greater significance 
for the understanding of the medieval sciences than is usually 
recognized. . 

During the fourth/tenth and fifth/eleventh centuries, the 
Epistles of the Brethren of Purity appeared, in which all the 
Sciences were treated, unified by a Pythagorean philosophy of 
numbers, which runs throughout the whole of this large work. 
The Epistles also treat in detail of geology, mineralogy, 
botany, zoology, etc., and present a summary of the Islamic 
Sciences during this period, which marks their apogee. Of 
Special interest from the point of view of natural history is 
the Dispute between Man and the Animals, a part of the 
epistle on zoology which discusses the animal kingdom in a 
manner more reminiscent of the Indian and Persian tradi- 
tions of natural history than of the Greek. In this treatise, 
More attention is paid to the qualities and virtues of each ani- 
ma] species, and to the moral and spiritual lessons that can 
be learned from the animal kingdom as a whole, rather than 
to sheer zoological description. 

Contemporary with the Epistles of the Brethren of Purity, 
there appeared the Book of the Guide on materia medica, 
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containing much about botany and mineralogy, by the Pales- 
tinian author al-Tamimi, as well as the works of al-Birüni 
and Avicenna. Al-Birüni wrote some of the most notable 
pages on geology, which are contained in his geographical 
treatises, as well as in his India. As already mentioned, he is 
also the author of The Book of the Multitude of Knowledge 
of Precious Stones, which is the best text on mineralogy in 
Islam, and contains detailed descriptions of many minerals, 
as well as the specific weights for some of them, as will be 
shown later in the chapter on physics. As for Avicenna, The 
Book of Healing contains an elaborate discussion of geology, 
botany, and zoology as well as of mineralogy, the section on 
mineralogy having become famous in the West independently 
as On Mineralogy (De Mineralibus) (for a long time attrib- 
uted to Aristotle). ] 

From the fifth/eleventh century onward, there began to 
appear a series of works on agriculture and botany by authors 
from Andalusia, who soon became the foremost authorities 
in this field. The Arabs built elaborate water-systems in Spain; 
even the Persian garden found a new home in this land, be- 
coming modified into a new form, which has survived to this 
day as the Spanish garden. The varied flora of Andalusia 
and Morocco, made possible through the ingenious irrigation 
system which has. remained in certain regions until now, pro- 
vided the background for the botanical works for which the 
Spanish authors were particularly famous. During the fifth/ 
eleventh century, Abū Ubaid al-Bakri composed a work on 
the plants and trees of Andalusia, and his compatriot, Ibn 
Hajjaj, in his Sufficient, dealt with botany, which he combined 
with grammatical considerations. 

In the sixth/twelfth century, basic treatises on botany were 
written, beginning with the treatise on simples by Ibn Sarabi 
(in Latin, Serapion Junior). Later in the century, there ap- 
peared the Andalusian al-Ghafiqi’s work on drugs and plants, 
the most exact in Islamic annals, and his compatriot Ibn 
al--Awwàm's Book of Agriculture, the most important medi- 
eval treatise on this subject, which in thirty-four chapters. 
deals with agriculture and animal husbandry. In zoology, 
there were several famous treatises—such as that of Ibn 
Jawaliqi on horses, Avempace’s treatise on hunting, al-Mar- 
wazis The Natures of Animals, and several works on fal- 
conry, in both Arabic and Persian, some of which are studied 
to the present day. 

During the next century, ‘Abd al-Latif al-Baghdadi wrote 
over one hundred fifty treatises on nearly every subject, in- 
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cluding an Account of Egypt, which contains detailed botani- 
cal observations. At the same time, Ibn al-Süri made the first 
known effort to paint plants at the different stages of their 
growth, while Abwl-«Abbas al-Nabati, another Spanish au- 
thority on botany, wrote several works on plants, highly re- 
garded among Muslims. There was also a well-known work 
on mineralogy at this time, by the Egyptian al-Tifashi, called 
Flower of Thoughts on Precious Stones. As for zoology, Ibn 
al-Mundhir's treatise on hippology, the best work of its kind 
in medieval times, is of particular significance. 

The writing of treatises on animals continued into the 
eighth/fourteenth century, which also marks the appearance 
of the greatest Muslim treatises on zoology. The Wonders of 
Creation of Abü Yahyà al-Qazwini, mentioned above, the 
Collected Stories of al-«Aufi, the Description of Animals and 
their Uses of Ibn al-Bukhtyishü:, the Uses of Animals of Ibn 
al-Duraihim and the Lives of Animals by Kamil al-Din al- 
Damiri—all of which are major zoological texts—were all 
written within the space of nearly a century, from the second 
half of the seventh/thirteenth to the second half of the 
eighth/fourteenth century. The work of al-Damiri is, in fact, 
< the most complete source for the knowledge of zoology in 

Islam, and one of the best sources of its folklore. This work 

also had influence in modern zoology, through the poem 
. Which al-Suyüti, the Egyptian scholar and encyclopedist, 
¿+ wrote about it. The poem was translated into Latin during 

the seventeenth century, being incorporated into the Hiero- 
Zoicon, written in 1663, which involved a study of the ani- 
mals mentioned in the Bible, just as al-Damiri’s Lives of Ani- 
mals included a study of the animals mentioned in the 
Quran. 
Besides these major studies on animals, the eighth/four- 
teenth century also witnessed the writings of several works 
On botany, of which the most notable is the treatise on 
~ agriculture by the sixth Rasüli sultan of the Yemen. But, 
< "Just as with other branches of the natural and mathematical 
Sciences, so in natural history from this time on the writings 
Of new and serious studies diminished considerably, even 
though a Safavid sage, Mir Damad, made an observational 
Study of bees, or scholars in the Mogul court wrote treatises 
.9n horses or falcons, or composed scientific encyclopedias 
-Containing much material on natural history. 
< Of the geological studies by Muslim authors, few are as 
*Xact and penetrating as those of al-Birüni, who made acute 
bservations of land forms and mountain structures, during 
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his many journeys over the lands of Western Asia. For ex- 
ample, he discovered the sedimentary nature of the Ganges 
Basin, about which he writes: 


One of these plains is India, limited in the south by the 
above-mentioned Indian Ocean, and on all three other sides 
by the lofty mountains, the waters of which flow down to it. 
But if you have seen the soil of India with your own eyes and 
meditate on its nature—if you consider the rounded stones 
found in the earth however deeply you dig, stones that are 
huge near the mountains and where the rivers have a violent 
current; stones that are of smaller size at greater distance from 
the mountains, and where the streams flow more slowly; stones 
that appear pulverised in the shape of sand where the streams 
begin to stagnate near their mouths and near the sea—if you 
consider all this, you could scarcely help thinking that India 
has once been a sea which by degrees has been filled up d the 
alluvium of the streams.? 


Al-Birüni was fully cognizant of the great geologic up- 
heavals that took place in the past, and the gradual process 
by which such changes were brought about: 


In a similar way, sea has turned into land and land into sea; 
which changes, if they happened before the existence of man, 
are not known and if they took place later they are not remem- 
bered because with the length of- time the record of events 
breaks off especially if this happens gradually. This only a few 
can realize. 

This steppe of Arabia was at one time sea, then was upturned 
so that the traces are still visible when wells or ponds are dug; 
for they begin with layers of dust, sand and pebbles, then there 
are found in the soil shells, glass and bones which cannot 
possibly be said to have been buried there on purpose. Nay, 
even stones are brought up in which are embedded shells, 
cowries and what is called “fish-ears,” sometimes well-preserved 
or the hollows are there of their shape while the animal has 
decayed. The same are found at the Bab al-Abwab on the shores 
of the Caspian Sea. But there is no memory of a known time nor 
any history about it for the Arabs have inhabited the land since 
their ancestor Yoqtàn. Of course, they may have lived in the 
mountains of Yaman while the lowland was sea. These were 
the ‘Arab al-<Ariba of antiquity. They cultivated the land 
from a spring between two mountains, the waters rising to the 


6 From Alberuni’s India, translated by E. C. Sachau (London: Kegan 
Paul, Trench, Trubner & Co., Ltd., 1910), I, p. 198. 
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top, and two gardens flourished right and left till the dam break 

of al-<Arim ruined them because the water sank and cultivation 

ceased and in place of the two gardens there were two waste 
` lands with bitter herbs, tamarisks and a few willows. 

We find similar stones in the centre of which are enclosed 
“fish-ears” in the sandy desert between Jurjan and Khwürazm 
which must have been a lake in the past, because the river 
Jaihüm (Oxus), I mean the river of Balkh, ran through them 
to the Caspian Sea past a district known as Balkhàn. Thus 
Ptolomaios mentions in the book Geographaia that the river 
flows into the sea of Hyrcania, i.e. Jurján. Now between to- 
day and the time of Ptolomaios are nearly eight hundred 
years. The Oxus used to flow in those days through those plains 
which to-day are desert from a place between Zam and Ámüya 
and irrigate the lands and villages which were there round 
Balkhàn and shed into the sea between Jurjan and al-Khazar. 
Then happened some silting which diverted the waters to the 
land of the Ghuzz Turks, where its course was interrupted by 
a mountain known to-day by the name of famal-Asad (the 
lion's mouth) and among the people of Khwárazm as Sikr 
ash-Shaitan (Devil's Dam). There the water accumulated and 
rose so that the traces of the dashing of the waves are on the 
heights thereof. Then when the weight (of the water) and the 
pressure on those porous stones became excessive, it broke 
through and burrowed about one day's journey, then turned to 
the right towards Farab on a course known to-day as al-Fahmi. 
The people cultivated the land on both sides of its bank, 
in about three hundred towns and villages, the ruins of which 
are remaining to this day. Then happened to this water-course 
after a lapse of time what happened to the first and the water 
turned to the left to the land of the Pajnàkis and took the 
water-course known as Wadi Mazdubast in the desert between 
Khwarazm and Jurjàn and irrigated numerous localities for a 
long time till they too fell into decay. So the inhabitants moved 
to the coast of the Caspian Sea. They are folk of the kind of - 
the Allàn and al-Uss and their language to-day is a mixture of 
Khwéarazmi and Pajnaki. After this all the water flowed towards 
Khwürazm after seepings had flown there before and it purified 
itself at a place barred by rocks, which to-day is at the beginning 
of the plain of Khwárazm, and burst through it overflowing 
the district and making a small lake and on account of its 
abundance of water and the strong current it became muddy 
from the clay the water carried. This used to sink as the water 
Spread with the mud it carried and harden gradually where it 
broke through and became dry and the lake moved further till 
it surrounded all Khwdrazm and the lake reached the sand-dune 
Which lay across its course and as it was not able to press it 
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further it turned towards the north to the land inhabited by 
the Turkumàn to-day. Between this lake and that which was 
in the Wadi Mazdubast is no great distance. It has become a 
muddy salt-swamp which cannot be forded and is known 
in Turkish as Khiz-Tanqizi, i.e. the Maiden’s Sea.” 


As for mineralogy, it was usually studied in connection 
with geology, so far as the question of the genesis of minerals 
was concerned. Here, the sulfur-mercury theory of metals 
(which we shall discuss in the chapter on alchemy) was com- 
bined with the mineralogical theories of Aristotle and Theo- 
phrastus. But there were also studies devoted to the physical, 
chemical and also occult aspects of minerals, such as that of 
al-Birüni already cited. There came into being also a whole 
literature on precious stones, which dealt with their quality 
and value, as well as with their medical, theurgical and magi- 
cal powers, in this way continuing a tradition which had 
already been well developed in Persia and India, before the 
rise of Islam. 

Botanical studies were also combined with medical consid- 
erations, and a literature developed on the properties and uses 
of plants—and, in certain cases, minerals—as poisons. On 
this latter subject, such well-known works as the Book of 
Shünüq were based mainly on works translated from the 
Sanskrit and Jabir’s Book of Poisons, the most elaborate work 
on this subject in Arabic, bears the imprint of Indian and 
Iranian influences. One of the best illustrations of the plant 
studies in which botany and medicine are combined is the 
Book of Simple Drugs of al-Ghafiqi, which was later abridged 
and summarized by Barhebraeus. Regarding cinnamon, which 
reached the Islamic world from China and was therefore 
called "Chinese wood" (yet which was unknown in exactly 
this form in the drug trade of the Ancients), al-Ghafiqi 
writes: 


Dár Sini CINNAMON, (Bark of Cinnamomum ceylanicum 
Nees., Cinnamomum Cassia Bl. and others). 

Its explanation in Persian is "the China tree." 

ISHAQ IBN SULAIMAN: Cinnamon is of different kinds: 
one, which is the real kind, is called Chinese cinnamon (dar 
sini as-Sin); another one is inferior, i.e. cassia bark (dar sis 
of Cinnamomum Cassia Bl.). Other kinds are known as “the 
real bark” and “clove bark.” 


7 From al-Birtni, Kitab al-tahdid, translated by F. Krenkow in Al-Biruni 
Commemoration Volume (Calcutta: Iran Society, 1951), pp. 199~200. 
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As to the "real cinnamon" its substance is richer, thicker . 
and more porous than that of the "bark." Usually its substance 
is as thick as a little finger, and an oily exudate is produced 
when the bark is chewed or pounded. Its colour is intermediate 
between the redness of the “bark” and the blackness of “clove,” 
but more inclined to that of the first, for its redness is more 
pronounced and apparent than its blackness. Its outside colour 
is more like that of the red cassia-bark. Its flavour causes at 
first a sensation of pungency with a little astringency, then is 
followed by sweetness and ends in bitterness, and a saffronlike 
flavour with a slightly oily taste. Its smell is like that of Ceylon- 
bark, and when chewed there is a taste like that of saffron with 
a trace of lotus-odour. 

Concerning the “inferior cinnamon,” it closely resembles 
the substance of the “bark” in its lightness, porosity (loose 
texture) and its red colour, except that its redness is more 
pronounced, its coloration mote intense and its substance 
thinner and harder. Its twigs are twisted, thin and contracted, 
resembling the tubes of the common reed, except that they 
are split up longitudinally and are neither united nor coherent. 
Its smell and taste are similar to those of the “bark” as is also 
their aroma (spicy odour) and astringency, except that the 
cinnamon is possessed of more heat and less sweetness and 
astringency. 

The "real bark" is sometimes thick and sometimes thin; 
both kinds are red, smooth and inclined to be shiny. On the 
outside they are rough and of whitish-red colour, a little like 
that of cassia-bark. It is of a fragrant aroma, and in its taste 
(flavour) there is pungency and acridity with a little sweetness. 

As to that kind which is known as clove bark, it is thin, 
hard, blackish and not porous. Its smell and taste are like those 
of cloves, except that the latter are a little stronger. 

DIOSC. [Dioscorides] I (14): (kinámómon), i.e. the cinna- 
mon. The best kind is that which is called (Mósylon), resem- 
bling a little the cassia bark called (Mosylítis). The best sample 
of this kind is the fresh, dark, inclined to ash-red colour and 
Of very aromatic smell but free from any odour of rue, or lesser 
cardamom, filling the nose with its smell. 

There is another kind, from the mountains, which is thick, 
Short and of hyacinth-red colour. A third kind, still nearer to 
the first, is dark, smooth, brittle and with few knots. 

A fourth kind is white, soft, rough grown, and has a root 
which is easily broken when rubbed between the fingers. 

A fifth kind has an odour like that of cassia bark, is of 
penetrating smell, hyacinth-red colour, with a bark like that 
Of cassia, not very brittle and with a thick root. 

Any one of the above-mentioned kinds which has an odour 
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resembling that of frankincense, myrtle or cassia bark and 
whose aroma is somewhat greasy, is not good (or: inferior to 
the good). Refuse the white, scabbed, with wrinkled wood, 
and that which is (not) smooth or ligneous. Throw away the 
root, as it is useless. 

There is another drug like cinnamon, called “false cinnamon,” 
of rough structure and weak smell and strength. There is, 
moreover, a bark of cinnamon which is called (zingíberi) re- 
sembling, in aspect, the cinnamon, but of a rancid smell. 

As to that which is called (xylokinámómon) and known as 
“bark,” it is like cinnamon as to its root and the number of its 
knots. It is a wood with long and resistant twigs and its aromatic 
odour is much less than that of cinnamon. It is said that the 
"bark" is a different kind and not of the same nature as 
cinnamon.’ 


Interest in pure zoology was similarly rather rare. Usually, 
the study of animals was combined with interest in their 
medical and pharmacological uses, and even more often in 
deriving moral and spiritual lessons from them, and in wit- 
nessing God's wisdom in Nature. The Muslim zoologists com- 
bined many quaint beliefs, especially as to the origins of cer- 
tain species, with accurate observations of their lives and 
habits. For example, al-Jahiz and Abū Yahya al-Qazwini re- 
garded the giraffe as a hybrid of a wild she-camel and a male 
hyena, while al-Mas-üdi believed it to be a hybrid of the 
camel and the panther. Buzürg ibn Shahriyàr in his Book of 
the Marvels of India considers the “ape-man” (called in 
Arabic nasnás), and also certain forms of monkeys, to be the 
result of the union of man with the hyena and other wild 
beasts. Al-Damiri follows a general belief among the Mus- 
lims that the rhinoceros, whose description was first given 
by al-Birüni in his India, is a cross between a horse and an 
elephant. 

As an example of a zoological text in which zoology is 
combined with philology and also popular medicine, let us 
consider the beginning of the third part of the first chapter 
of Hamdallàh al-Mustaufi al-Qazwini’s cosmographical en- 
cyclopedia, The Delights of the Heart, which is one of the 
well-known zoological works that appeared during the hun- 


8 The Abridged Version of "The Book of Simple Drugs" of Ahmad ibn 
Muhammad al-Ghafiqi by Gregorius Abwl-Farag (Barhebraeus), edited 
with an English translation, commentary and indices by M. Meyerhof and 
G. P. Sobhy. Vol. I, Fasc. III (The Egyptian University, The Faculty of 
Mencine Publication No. 4. Cairo: Government Press, 1938), pp. 468- 
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dred years stretching from the seventh/thirteenth to the eighth/ 
fourteenth century, a time when the best zoological texts in 
Islam were being written. 


CONCERNING ANIMALS 


The decree of Eternal Wisdom has contrived the natural 
form of animals for the warding off of the pernicious and 
deadly evils which may ensue from the infections of the air, 
that so there might be ease for the constitution of man, the 
perfected of perfections. For if there had been no animal life, 
these evils would have brought disasters on man's constitution, 
and kept him from rising to the attainment of perfection. 

He gave to animals sensation and motion, that they may 
seek their food . . . and that by reason of their movement those 
infections and harms may be the more readily averted from 
mankind. And some He made the enemies of others, so that 
this might be the cause of a more abundant movement in them; 
and He bestowed on every one, according to their necessity, 
the means for the preservation of their lives, and for drawing 
to themselves advantages, and for averting the injury an enemy 
might do, that thus they might be preserved. And praise be to 
Him who has bestowed everything of which there is need, 
without redundancy and without falling short. And since He 
created them as instruments for man, some He created in their 
nature pacific, and gave them no instruments for inflicting 
injury, so that by nature they are submissive to man; some are 
for riding, and some are for food, as God (may He be praised 
and exalted!) has said: Have they not seen that we have cre- 

. ated for them, amongst the things our hands have made, cat- 
tle—and they are the owners thereof? And we have tamed them 
for them, and of them some are to ride, and of them are what 
they eat. [Quran XXXVI, 71—72.] And to some He gave the 
quality of teachableness, so that, although they were not natu- 
rally submissive, through teaching they became obedient, and 
[fit] instruments [for man]; and as to some, that resisted and 
rebelled against man, He directed man that he so got the upper 
hand of them as to overthrow them all and to share in their 
utilities, 

. And to set a limit to and enumerate the species of animals 
is beyond what a far-sighted intelligence and a meditative 
understanding can compass: God (may He be exalted!) has 
Said: And none knows the hosts of the Lord except Himself; 
[Quran, LXXIV, 34] but of what our understanding can reach 
to, we shall make mention under three classes—of the land. 
Of the water, and of the air. 
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And it has been said that every animal that goes on two legs 
takes a single mate, and while mated is jealous, and all those 
which go on four legs become enamoured of numerous mates; 
and those whose ears project from their heads bring forth their 
young, and those whose ears do not project lay eggs; and every 
animal that has horns is without upper front teeth. And in 
regard to the lawfulness and unlawfulness of their flesh, al- 
though I shall state (the ruling) according to fatwá under the 
name of every animal in succession still, summarily, what 
the Prophet (may God pour blessings on him and preserve him!) 
said has proved a felicitous guide, viz.: All wild beasts with 
canine teeth are forbidden, and all birds with tearing claws. 

THE FIRST CLASS 
Concerning Terrestrial Animals 
And that comprises five sections. 
THE FIRST SECTION 
Concerning Domestic Animals 

Of these I shall enumerate ten kinds in alphabetical order. 
Ibi, the Camel, is called in Arabic bar, in Turkish dévé, and 
in Mongolian famkun. The Arabs call the male jamal, and 
the female nāqat, and a young camel bakr, and an old one 
nàb and ‘aud, and a two-humped camel falij; a superior camel 
they call najib, a one-year-old ibn mükhád, a two-year-old 
ibn labün, a three-year-old hiqq, a four-year-old jadha:, a five- 
and a six-year-old thaniy, a seven-year-old rabad, an eight- 
year-old sadis, a nine-year-old bazil, a ten-year-old mukhlif; a 
pregnant camel is khalifat, and its progeny huwar and fasil, a 
baggage animal hamülat, a milch camel laqizh. And in Turkish 
the male is called bagar, the female inkan. The Arabs of the 
desert own large numbers of them. 

The camel is an animal of a strange make, large-bodied, 
eating little, bearing burdens, obedient to command. God 
(may He be exalted!) said: Do they not look then at the camel 
how she is created. [Quran, LXXXVIII, 17.] It is susceptible 
to ecstasy and gladness; and Shaikh Sa<di of Shiraz says (verse): 
The camel becomes ecstastic and dances at the Arab’s song; 
if thou rejoicest not, thou art a cross-grained beast. 

Its flesh is allowed to be eaten by all the sects; it is warm 
and dry in the first degree, and furnishes an atrabilious and 
coarse diet. The camel is intelligent, hence when it is sick 
it eats oak-leaves and recovers; and when a poisonous snake 
bites it, it eats a crab and the poison takes no effect. 

Its liver averts cataract and gives clearness of vision. 
Wherever its fat is put down snakes flee from thence; and its 
fat is beneficial in piles. If its hair be tied round the left thigh 
‘it arrests diabetes, 

Camels are of several kinds: the lók, the bésurük, and the 
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bukhti; and the best as regards appearance and price is the 
bukhti, and for bearing burdens the bésurak, and for enduring 
thirst the /6k. 

Baghi, the Mule, is called gátir by the Turks and [@isa by 
the Mongols. It is begotten of a horse and an ass; that which 
has the ass for its father is better than that which has the ass 
for its mother; its qualities are more those of the horse than of 
the ass, and in appearance, too, it has a greater resemblance 
to its mother. That which is begotten of a horse and a wild 
ass is the better; and the mule of the East is better than that of 
other countries. It is the longest lived of domestic animals, be- 
cause of its seldom copulating, just as the sparrow is the short- 
est lived of birds through much copulating. And mules have 
no offspring, because the foetal membranes are not strong 
enough to protect the young, and the birth passage is narrow 
and the egress of the young difficult. And if ever a mule should 
become pregnant, it dies at the time of the birth and cannot 
bring forth. 

And inasmuch as the unlawful prevails over the lawful, and 
the mule is born of the unlawful and the lawful, the eating of 
it is also unlawful. And as to that which is born of the wild 
ass and the horse, although the two parents are lawful to eat, 
yet this kind of mule is exceptional, and a rule is not to be 
founded on an exceptional occurrence; hence this also is ruled 
to be unlawful. 

Its Properties.—Any woman who eats the heart of a mule 
will not become pregnant. Five drachms of a mule's hoof mixed 
with oil of myrtle, if rubbed on any place, will cause hair to 
grow there, and will cure ringworm of the scalp. The smóke 
of its hoofs, its hair, and its dung will drive away rats. If a 
pregnant woman drinks its urine she will bring forth a dead 
child. The stinging flies in the sores on its back ward off piles. 
If a pregnant woman ties its skin round her arm the offspring 
will perish, and if the woman is not pregnant she will not be- 
Come so. 

Bagar, the Ox, is called saqar (?) by the Turks and hókar 
by the Mongols. The Arabs call the male thaur and the female 
baqarat, and its young they call «jl. It is an animal of great 
Strength, and of many uses; and the world's welfare turns on 
it as a centre. Its flesh is lawful to eat; but a cow that eats dung 
they call jallāla, and to eat her flesh is disapproved, inasmuch 
as nature turns against such an action. 

The ashes of the cow's horn cure fever, and increase sexual 
power, giving great stiffness to the male organ; and if put in 
the nose they check bleeding [at the nose]; and mixed with 
Vinegar and used as an ointment on a leprous patch (of the 
 maculo-anaesthetic type) before the rising of the sun, it re- 
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stores to health. If its bile be rubbed on a tree, grubs will not 
attack the fruit; and if it be boiled with cottonseed and the 
seeds of radish, and used as an ointment on chloasma, it will 
cure it; incorporated with the dung of rats and given to one 
who has colic, it immediately gives relief; and when the ox's 
bile is mixed with honey, it will cure diphtheria. Its kidney 
daubed over the neck cures tuberculous glands. 

Its flesh is cold and dry in the first degree, but the male is 
less cold, and the female less dry; and the flesh of the calf is 
better than either, though none are free from harm, causing 
morphoea, cancer, rash, tubercular leprosy, and elephantiasis. 

The penis and testicle of a calf rubbed up will increase sexual 
power and the stiffness of the male organ. If its blood be burnt 
in the presence of a number of people, discord will break out 
among them. The horn of a black cow incorporated with bar- 
ley meal and spread on piles, fistulas, and tuberculous glands 
cures them; its urine mixed with human urine and used to 
wash hands and feet will cure a long-standing quartan ague, 
The smoke of dried cow's dung gives relief in difficult labour; 
and if the dung be rubbed on one suffering from dropsy it 
cures him. 

Jamis, the Buffalo, called 6 by the Mongols, is a strong- 
bodied. animal, and very powerful. It has a worm in its brain 
which perpetually torments it, so that it sleeps little, and stays 
always in the water. It is an enemy of the lion and the croco- 
dile, and mostly gets the better of them, but it is helpless against 
gnats. It is lawful food in all sects, but its flesh is not free from 
harm 


Its Properties.—The worm of its brain causes sleeplessness, 
Its fat pounded up with brine cures chloasma, leprosy. (maculo- 
anaesthetic), and the itch (scabies). Eating its flesh will get rid 
of lice from the clothes. 

Himár, the Ass, called «air by some of the Arabs, ishak by 
the Turks, ilchakan by the Mongols. The Arabs call its colt 
jahsh. It is an animal of sluggish limbs and from its excessive 
stupidity copulates with its own mother; no other animal has 
this habit—it is only rarely they mount their mothers. The 
quality of the ass is extremely cold; and it is unlawful to eat it. 

Its Properties-—When one who has been bitten by a scor- 
pion rides facing backwards on an ass, and the ass trots, the 
pain will be relieved. Its brain mixed with olive oil will make 
the hair grow long. Its tooth put beneath the pillow will bring 
sleep. Its liver cures quartan fever and epilepsy,—better if 
taken on an empty stomach. Its spleen causes an increase in 
the quantity of milk. Its hoof cures epilepsy and (maculo- 
anaesthetic) leprosy; and mixed with olive oil cures tubercular 
glands in the neck, and pains in the joints and fistula. Eating 
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its flesh is a remedy against poison and tubercular leprosy. Its 
fat melted heals wounds and ulcers. A watery extract of its 
fresh dung, if dropped into the nose, checks nose-bleeding. If 
its urine be rubbed on a boat, fish will gather round it. Its blood 
cures piles, and will change a child of bad disposition into one 
of good disposition. Its milk used as a gargle will allay tooth- 
ache, and if drunk will take away a long-standing cough. The 
hair of its tail put in wine will bring about a drunken brawl. 

The ass is terrified by the lion, to such a degree that when it 
sees the lion it stands stock still, and the lion comes up and 
eats it. And in the back of the neck of some asses is a kind of 
stone, the account of which has been given under "Stones." 

Sinnaur, the Cat, called hirr by some of the Arabs, jatak by 
the Turks, malghün by the Mongols. It is a greedy animal, of 
various colours, and to eat it is unlawful and to kill it for- 
bidden. When angry it becomes so enraged as to be beside 
itself; hence infidels used to bring up a devotee on the flesh of 
cats, so that he might overcome his antagonist. The cat is the 
enemy of the rat; and the elephant dreads the cat. In the 
Mujmalu-t-Tawàrikh it is said that the cat does not breed in 
China. 

Those who apply its bile to their eyes become keen-sighted 
in the night; and half a drachm of it mixed with olive oil is 
beneficial to one with facial paralysis; and pounded up with 
cumin seed and salt it heals old wounds. The spleen of a black 
cat tied on a woman with excessive menstruation will check 
the flow, and until it is taken off the menses will not reappear. 
Its flesh boiled and used as a poultice to the gout allays the 
pain; and if eaten, magic will take no effect against the eater. 
If its blood is applied to tubercular leprosy, (the disease) will 
disappear. Its flesh, dried and rubbed up, and placed over the 
wound where a thorn or an arrow-head has entered, will ex- 
tract (the foreign body). 

Ghanam, Sheep and Goats, are called by the Turks qóyun; 
and the sheep is called by the Arabs da‘n and na‘jat; and the 
lamb they call hamal; and a one-year-old sheep or goat the 
Arabs call jadha*. And to eat it is lawful in all religions and 
Sects, and is salutary. And it is a wholesome animal, and con- 
fers prosperity; and the Prophet (may God pour blessings on 
him, and preserve him!) said, of the blessings it confers: The 
Sheep is affluence. Once every year it brings forth one young 
one, and now and then two, and then no more for a year; and 
men eat of them incalculable and uncountable numbers, and 
[yet] the face of the earth is full of them—unlike other and 
Predaceous animals, which bring forth several times every year 
&nd several young at a birth, and of which men eat none, whose 
numbers [nevertheless] are small. And praise be to Him whose 
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wisdom has decreed the fewness of the noxious and the abun- 
dance of the serviceable, in kindness and mercy towards His 
servants—verily He is powerful to do what He wills. And the 
relation of goods lawful and unlawful is similar. 

In the ‘Aj@ibu-l-Makhligat it is related that there is a kind 
of sheep in India that has a tail on its breast, two on its back, 
two on the thigh, and one as usual at its hinder end like other 
sheep; and though these are not the proper places for a tail, 
the white flesh is in such amount because of the presence of 
fat that it looks like a tail. And in Fárs there is a sheep the 
tail-fat of which is greater in amount than [the whole of] its 
flesh. And in these provinces [i.e. the region round Qazwin] 
there is a kind of sheep which has no tail, which they call jari, 
and its flesh is more delicate than that of sheep with tails. 

And sheep are as terrified of a wolf as asses of a lion. 

The Properties of the Sheep.—The horn of a ram together 
with its bile mixed with honey will retard the formation of 
cataract, and remove corneal opacities. If a woman carries 
some of its wool about her she will not become pregnant. Its 
flesh has many virtues, and is the best of foods—particularly 
a yearling which has been castrated. The sheep’s flesh is hot in 
the second degree and moist in the first; the flesh of ram and 
ewe is not free from harm. The milk of the sheep is salutary 
at most times; and the curds, and butter and cheese, and 
the boiled and thickened milk, and the dried sour milk, and 
whatever they make from it—everything is characterized by a 
number of properties, but it would be tedious to expound 
them all. 

Faras, the Horse, is called khail and kurā: in Arabic, àt in 
Turkish, and mii in Mongolian. A stallion is called hisán in 
Arabic, and aighir in Turkish, and ahra‘a in Mongolian; a 
mare, ramakat in Arabic, qisraq in Turkish, kin in Mongolian; 
a colt in Arabic muhrat, in Turkish qulun, and in Mongolian 
ütghan. A gelding in Turkish akhta; in Persian the term for 
it is well known. A slow horse the Turks call ndshiga, a swift 
ambling horse they call yürqa, a racehorse qürdüna, and ə 
horse going quick with a jolting trot they call qatarak. The 
eating of its flesh is allowed in the sect of the Imam Shafid 
(may God be well pleased with him!), and disapproved in the 
other sects; it is warm and dry in the second degree. And the 
horse is the most beautiful in form and colour, and the swiftest 
of animals, outstripping all others; it is of all colours, and along 
with beauty of form it has also excellent qualities, such as 
obedience, and intelligence, and fortitude and endurance ip 
battle. And God most high has shown His favour by making 
him a riding beast for man; the Most High has said: And horses 
and mules and asses, for you to ride upon, and for an ornament: 
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[Quran, XVI, 8] and the Most High has said: And prepare ye 
against them what force and companies of horse ye can, to 
make the enemies of God, and your enemies, in dread thereof. 
[Quran, XVIII, 62] And the Prophet (may God pour blessings 
on him, and preserve him!) said: Prosperity is tied to the fore- 
lock of the horse till the day of judgment. 

In the Mujmalu-t-Tawarikh it is said that the horse does not 
bring forth young in Hindüstàn; and in the Tàrikh-i-Fanakati 
that horses are in greater number among the Turks, but of 
greater value among the Arabs—hence the Arabs attach im- 
portance to their horses' lineage. 

Its Properties.—1f a horse's tooth is tied on a child its teeth- 
ing will be quick and painless; if its hair be hung at the door 
of a house, gnats will not enter. If its hoof be buried in a house, 
rats will leave it. If its sweat be rubbed on a child's pubes, it 
will grow no hair there; and if rubbed on piles it will cure 
them. The smoke of its dung quickly gives relief in difficult 
labour; the water of its dung will check bleeding at the nose. 
Its blood dropped in the ear will take away earache.? 


The Muslim mind has always lived at the level of wonder 
vis-à-vis the world of Nature. While he has derived benefits 
from it, Nature has never for the Muslim become emptied of 
its animating spirit nor devoid of the fragrance of the ter- 
restrial paradise. Whether as virgin Nature whose domains 
the works on natural history sought to describe or as gardens 
—especially the Persian and Andalusian ones, in which nature 
was “controlled” according to a deliberate plan—natural 
forms have presented to the Muslim eye the tranquillity and 
peace as well as the wonder and awe characteristic of the 
Islamic conception of paradise. They have evoked in the 
Muslim mind a sense of equilibrium and repose, repeated 
in the art and architecture of Islam. Nature thus did not play 
the negative and dark role that it did in medieval Christianity. 
Rather, it was a fountain of joy and beatitude, as can be seen 
both in the scientific and literary studies of Nature, and in 
the art that was created and cultivated in Islamic civilization. 


: 9 The Zoological Section of the Nuzhatu-l-Qulub, edited, translated, and 
1 &nnotated by J. Stephenson (Oriental Translation Fund, New Series, Vol. 
: London: The Royal Asiatic Society, 1926), pp. 1-9. 


CHAPTER FOUR 


PHYSICS 


PHYSICS IN MEDIEVAL SCIENCE, as among the Greeks, in- 
cluded the study of “all things that change,” or to use Aris- 
totelian terminology, of all things in the world of generation 
and corruption. In the Islamic world, the study of physics 
(tabityat), more than any other science, followed the teach- 
ings of Aristotle in its basic outlines. Most of the problems 
posed by Muslim philosophers and scientists in this field were 
set within the framework of the doctrines of form and matter, 
potentiality and actuality, the four causes, and teleology. 
Aristotle was not, of course, followed in every detail, espe- 
cially on the question of motion. Many Muslim writers, fol- 
lowing the example of John Philoponus, were severely critical 
of Aristotle, and formulated several new concepts, such as 
that of impetus, which played an important role in the 
changes that were to occur later in the whole structure of 
physics in the West. 

There were also anti-Aristotelian philosophers, such as 
Rhazes, whose approach to the study of Nature differed es- 
sentially from that of the Stagirite. Since such critics, how- 
ever, usually adopted the Hermetical and alchemical perspec- 
tive, we cannot classify their doctrines as physics, in the 
sense in which the term is understood in either the Peri- 
patetic or modern science. There were also the Illuminatists, 
who like Plotinus constructed a physics based upon the 
symbolism of light; they also do not belong, strictly speaking, 
with the physicists so much as with the “theosophers” and 
gnostics, whose perspectives they generally shared. 

Many of the “new” ideas regarding time, space, the nature 
of matter, light, and other basic elements of medieval physics 
came, not from the philosophers, who were mostly bound by 
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the ideas of their Greek predecessors, but rather from the 
theologians, who usually opposed the Peripatetics. In the 
writings of such theologians as Abuwl-Barakat al-Baghdadi, 
Fakhr al-Din al-Razi, and Muhammad al-Baqillani, who may 
be regarded as the "philosopher of Nature" of the dominant 
Ash«carite school of Sunni theology, one finds doctrines of 
much interest. The theologians departed from the path of the 
Peripatetics and became the founders of a distinct world 
view. Although they were bound as theologians to those 
problems connected with the faith, they were not restricted to 
the premises of the Peripatetic philosophy, and were there- 
fore among the severest critics of Aristotelian physics, much 
of which they rejected in favor of a different conception of 
time, space, and causality. 

The. study of physics among both the philosophers and the 
theologians was based on ratiocination, and was usually not 
dependent upon direct observation. In contrast with later cen- 
turies, therefore, it was not the rationalists in medieval times, 
but the gnostics and alchemists, who appealed to the direct 
observation of Nature. Yet, for the latter group, the outward 
and physical aspects of things did not serve as data for 
rational analysis, but rather as the occasion for intellection 
and “recollection”; the phenomena of Nature were for them 
symbols, not merely facts. 

There was also a third group who did observe and perform 
experiments, and in that way sought to analyze the meaning 
of the sensible aspects of Nature. There were, among this 
group, several important students of optics, such as Qutb 
al-Din al-Shirazi, and the most famous of all Muslim physi- 
cists, Alhazen, as well as al-Birüni, who measured the specific 
weights of minerals, and Abwl-Fath ‘Abd al-Rahman al- 
Khazini,! who also dealt with the measurement of densities 
and gravity. This sort of physics, which resembles the works 
of Archimedes—at least in approach, if not always in tech- 
niques and results—is of much interest from the point of view 
of modern science, whose unilateral approach to Nature is 
based upon a somewhat similar perspective. But from the 
point of view of Islamic civilization, such studies, as well as 
those dealing with automata and various types of machines, 
Occupy a secondary and peripheral role in the total scheme 
of knowledge. They should always be so regarded, therefore, 
if medieval Islamic civilization is to be seen in its own per- 
spective. To make the periphery the center, and the center the 


1 See below, pp. 133 ff. 
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periphery, would be to destroy the fundamental relationships 
upon which the harmony of the sciences of the medieval 
world was based. Such studies as the optics of Alhazen, 
which from the modern standpoint of the “progressive growth 
of science" may seem to be of the utmost importance, have 
never stood at the heart of Islamic intellectual life, which has 
focused its interest on the unchanging rather than on the 
changing aspects of cosmic manifestation. These studies are, 
to be sure, of much interest to Islamic science, but they 
should never be regarded as synonymous with it. 


A. Alhazen (Ibn al-Haitham) 


Alhazen is undoubtedly the greatest student of optics be- 
tween Ptolemy and Witelo. He was an outstanding mathe- 
matician and astronomer and even a philosopher, in addition 
to being a physicist whose attainments have led certain mod- 
ern authorities to place him as the greatest of the medieval 
students of physics. 

Alhazen made significant contributions to the study of mo- 
tion in which he discovered the principle of inertia, to celes- 
tial physics and to the science of statics, but he transformed 
the study of optics and made it into a new science. Before 
him Muslim scientists had been acquainted with the Optics 
of Euclid, with Theon's recension, the works of Heron and 
Archimedes, the studies on curved mirrors of Anthenios, and 
the remarkable studies on refraction by Ptolemy. Euclid's 
Optics in fact became known in the West through the re- 
cension of al-Kindi as De Aspectibus. Also Muslim physicians 
such as Hunain ibn Ishaq and Rhazes studied the eye inde- 
pendently, but in general the Greek sources were more or 
less followed. © 

Of course, Alhazen also depended on these sources, on 
Euclid and Ptolemy, on Aristotle’s Meteorology and on the 
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Conics of Apollonius, but he transformed the basis of the 
study of optics and made it a well-ordered and defined disci- 
pline. He combined elaborate mathematical treatment with 
well-conceived physical models and careful experimentation. 
Like Archimedes he was both a theoretical and experimental 
physicist. He made experiments to determine the rectilinear 
motion of light, the properties of shadows, the use of the lens, 
the camera obscura, that he studied mathematically for the 
first time, and many other essential optical phenomena. He 
even had a lathe on which he made curved lenses and mirrors 
for his experiments. . 

In catoptrics, in which the Greeks had already made im- 
portant discoveries, Alhazen's notable contribution was in the 
study of spherical and parabolical mirrors. He studied spheri- 
cal aberration and realized that in a parabolical mirror all 
the rays are concentrated at one point so that it is the best 
type of burning mirror. Alhazen's problem in optics is in fact 
connected with reflection from a spherical surface: From two 
points in a plane of a circle to draw lines meeting at a point 
at the circumference and making equal angles with the nor- 
mal at that point. This leads to a fourth-degree equation, 
heal he solved by the intersection of a hyperbole and 
circle. 

In refraction his contributions are more outstanding. He 
applied the rectangle of velocities at the surface of refraction 
centuries before Newton and believed in the principle of 
“least time.” He made careful experiments by placing a 
graduated cylinder in water to measure the angle of reffac- 
tion. Although acquainted with sine function, Alhazen pre- 
ferred to work with chords. Otherwise he would most likely 
have discovered Snell’s Law which he did discover for small 
angles where the angle itself can be substituted approximately 
for the sine. He also studied refraction through glass cylinders 
and spheres and sought to determine the magnifying effect of 
the plano-convex lens. 

The third field of optics in which Alhazen made significant 
discoveries was that of atmospheric phenomena. There, he de- 
termined the amount of atmospheric refraction by measuring 
the distance of a fixed star from the pole at the time of rising 
and at zenith with the help of an armilla. The phenomena of 
dawn and twilight and the apparent change in size of the Sun 
and Moon on the horizon were also of much interest to him 
and he explained them after making a thorough analysis. He 
determined that twilight ends when the Sun is 19? below the 
horizon. Rainbows also interested him, and although he did 
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not apply refraction to them, he explained the rainbow on 
the principle of reflection more completely than Ptolemy. 

Finally among his contributions one must mention his 
study of the physiology of the eye and the problem of vision. 
Like his contemporaries Avicenna and al-Birüni, Alhazen 
believed that in the process of vision light travels from the 
object to the eye. Moreover, he analyzed the role of the eye 
as a lens and tried to unravel the mystery of how one sees 
by combining his knowledge of physics and medicine. His 
study of the physiology and diseases of the eye belong as 
much to the history of Islamic medicine as to optics itself. 

After Alhazen there was a decline in the study of optics 
in the Muslim world to such an extent that by the sixth/ 
twelfth century even such a great scientist as Nasir al-Din 
al-Tüsi was not acquainted with his contributions. Only in the 
seventh/thirteenth century, most likely as a result of the in- 
fluence of Suhrawardi's philosophy of Illumination, the study 
of optics became once again popular and in fact a new 
branch of science called the science-of the rainbow came into 
being in Persia. Qutb al-Din al-Shiràzi, who was also a 
commentator of Suhrawardi, gave the first correct qualita- 
tive explanation of the rainbow by stating that it is caused by 
both reflection and refraction. His student, Kamal al-Din 
al-Farsi, wrote a commentary upon Alhazen’s masterpiece 
in optics, Optics (Kitab al-manàzir), and brought the study 
of optics to its last brilliant period in the Muslim world. 
Meanwhile, Alhazen's writings were becoming well-known in 
the West, and his Optics especially left a profound effect on 
every student of this subject. His magnum opus, the Opticae 
Thesaurus, in Latin, was printed in the tenth/sixteenth century 
and his influence is to be seen in the optical studies of Kepler. 

The following selection from A Discourse on the Concave 
Spherical Mirror is an excellent example of how Alhazen ap- 
proached the subject of optics. 


A DISCOURSE BY AL-HASAN Bin AL-HASAN BIN 
AL-HAITHAM ON BURNING MIRRORS OF CIRCULAR SHAPE 


The sun's rays proceed from the sun along straight lines and 
are reflected from every polished object at equal angles, i.e. the 
reflected ray subtends, together with the line tangential to the 
polished object which is in the plane of the reflected ray, two 
equal angles. Hence it follows that the ray reflected from the 
spherical surface, together with the circumference of the circle 
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Which is in the plane of the ray, subtends two equal angles. 
From this it also follows that the reflected ray, together with 
the diameter of the circle, subtends two equal angles. And every 
ray which is reflected from a polished object to a point pro- 
duces a certain heating at that point, so that if numerous rays 
are collected at one point, the heating at that point is multi- 
plied: and if the number of rays increases, the effect of the 
heat increases accordingly. 

(a) In the case of every concave mirror of spherical con- 
cavity, which is less than a hemisphere, placed opposite to the 
sun so that its axis if produced would end at the body of the 
sun, the rays which proceed from the body of the sun along 
lines parallel to the axis of the mirror are reflected from the 
surface of the mirror to its axis. And the axis of the mirror is 
the diameter of the sphere, which (diameter) is at right angles 
to the diameter of the base of the mirror. 

Given a concave spherical mirror, let its axis be DB and its 
centre (of curvature) D (Fig. 1). Let a point Z be on the 
surface of the mirror, and let the line HZ be one of the rays 
which proceeds from the sun and parallel to the axis. I state 
that the line HZ is reflected to the axis. 

Proof of that: — 

Let us imagine the line DZ joining the points D and Z. The 
lines HZ, ZD, DB, lie in a plane surface. And let us imagine 
that that surface cuts the sphere, thus forming an arc in the 
surface of that mirror whose radius is DB and whose centre 
is D; let it be the arc ABG. We draw the line ZC at an angle 
equal to / HZD, ie. / DZC. " 

Now since the arc ABG is less than a semicircle, the arc BZ 
is less than a quadrant. Thus / ZDC < a right angle. The line 
HZ is parallel to the line DC. Therefore, / HZD < a right 
angle. And / DZC = Z HZD, and is therefore « a right 
angle. Similarly for Z ZDC. .*. The line ZC meets the line 
DB. Let it meet it at the point C, and let the ray HZ be reflected 
from the surface of the mirror at equal angles. .*. It is re- 
flected along the line ZC, and meets the axis DB. Similarly 
every ray which proceeds parallel to the axis and ends at a 
point on the surface of the mirror is reflected to the axis, and 
this is what we wished to demonstrate. 

If we keep the axis DB fixed and rotate the arc AB it gen- 
erates the surface of the mirror. We draw through the point Z 
on the surface of the mirror a circle every point of which is 
equidistant from the point C. Thus the rays which proceed 
Parallel to the axis and end at the circumference of this circle 
are all reflected to the point C, and so the relation of every 
Point on the surface of the mirror, with respect to the point C 
On the axis, is the same as that of the whole circle which the 
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point (Z) generates when the arc rotates. From what we have 
said it is clear that rays are not reflected, to a (particular) 
point (C) on the axis, from within the circumference of the 
circle in the surface of the mirror. 

(b) If the rays from the circumference of a circle in the 
surface of the sphere are reflected to a (particular) point on 
the axis of a concave spherical mirror no other rays are re- 
flected to it from the surface of the sphere. Let there be a 
spherical concave mirror and let the arc which intersects its 
axis be the arc ABG, and let its axis be DB, and let rays be 
reflected to the axis from the circumference of one of the 
circles which fall within the sphere (ie.) from the point Z. 
Accordingly, I say that no other ray is reflected from 
the point Z except the rays which are reflected from that 
circle.? 


2 From the translation of H. J. J. Winter and W. ‘Arafat, “Discourse on 
the Concave Spherical Mirror,” Journal of the Royal Asiatic Society of 
Bengal, Vol. XVI, No. 1 (1950), pp. 2-3. Reprinted by permission of the 
Asiatic Society. 
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B. Al-Birüni 


A contemporary of Alhazen, but from the other side of 
the Islamic world, in Eastern Persia, al-Birüni was perhaps 
the greatest compiler and scholar in this fruitful period of 
Islamic history, and had a knowledge of geography, chronol- 
ogy and comparative religion never since surpassed in the 
Islamic world. 

He was also the most outstanding astronomer and mathe- 
matician of his day: his Elements of Astrology remained a 
textbook in the teaching of the Quadrivium for centuries, 
while his major astronomical opus, the Qànün al-Mas'üdi 
is undoubtedly the most comprehensive text of Islamic astron- 
omy. Certain of his other astronomical works contain param- 
eters of Babylonian astronomy not seen in the extant Greek 
texts. 

Al-Birini also made a deep study of philosophy and 
physics. Although most of his philosophical works are lost, 
there is little doubt that he opposed the Peripatetic school on 
many points. In his letters to Avicenna, which have fortu- 
nately survived, al-Birün discusses and questions, with his 
usual lucidity, some of the basic tenets of the Peripatetic 
physics which was dominant in the teaching of most of the 
schools of his time. He shows considerable independence with 
respect to Aristotelian philosophy, and is severely critical of 
several points in the Peripatetic physics, such as the ques- 
tion of motion and place, which he attacks, not only by an 
appeal to reason, but also by the use of observation. 

The following selections drawn from a series of corre- 
spondence exchanged between al-Birüni and Avicenna show 
his characteristic modes of thought and inquiry in scientific 
problems. 


QUESTIONS ASKED OF AVICENNA BY AL-BIRONI 


Question 1. On the possible gravity of the heavens, their 
circular motion and the denial of the natural place of things. 

Since the heavens have no motion toward or away from the 
center, Aristotle has not accepted the idea of the gravity of the 
heavens. However, such reasoning by Aristotle does not really 
aim at the desired end. It is possible to imagine that the heavens 
do possess a gravity which, however, does not cause them to 
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move toward the center, in so far as each part of the heavens 
is like every other part. Having hypothesized their gravity, 
one may then say that, whenever by nature they are moved 
toward the center, their connected forms prevent them from 
moving so. It is because of their forms, therefore, that they 
remain stationary about the center. It is also conceivable that 
the heavens should possess levity, and that that levity could l 
not cause them, nevertheless, to move away from the center, i 
because motion could only take place when the parts of the 
heavens became separated from each other, or when a vacuum 
existed outside the heavens, so that the parts either moved or 
became fixed in that vacuum. Because it has been ascertained 
and proven that the dispersing of the parts of the heavens is 
impossible and the existence of a vacuum absurd, it follows | 
that the heavens are themselves a hot fire assembled and con- 
fined in a place from which departure is impossible. Conse- 
quently, the levity or gravity of the heavens is not dependent 
upon the absurd ideas of [Aristotle]. 

As to only circular motion being possible for the heavens, 
it may be that the heavens are by essence and nature the source 
of rectilinear motion, and only by force and accident the source | 
of circular motion, as is the case with the stars, which move | 
by nature from East to West, and by force from West to East. | 

The presence of each element in its natural place is not cer- 
tain. The natural place of gravity (i.e., the downward direc- 
tion) is at the center, and the natural place of levity (i.e., the 
upward direction) is at the circumference. Yet the center is 
nothing but a point; and a part of the earth, no matter how 
small we conceive it to be, cannot fit at the center. As for the 
circumference, neither can it hold any body in such a way 
that a light body may ascend to it, since it is an imagined sur- 
face area. Furthermore, if we allow water to flow freely, tak- 
ing away any obstacles in its path, undoubtedly it will reach 
the center; therefore, the assertion that the natural place of 
water is above the earth is without any basis. Consequently, 
there is no "natural place" for any body. On such a basis, he 
who says that the heavens are indeed heavy, but that it is their 
being attached that prevents their falling does not appear 
absurd. 


Question 4. On the continuity and discontinuity of matter 
and space. 

Why has Aristotle rejected the assertion of the theologians 
that a body consists of indivisible parts, and why has he chosen 
instead the assertion of the philosophers that bodies are in- 
finitely divisible, even though the wickedness of the philoso- 
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phers' beliefs is greater than the disgracefulness of the theo- 
logians’ opinions? According to the philosophers, who consider 
bodies to be connected and infinitely divisible, it is necessary 
that a rapidly moving body not touch a preceding but more 
slowly moving body. The touching of a preceding body by a 
succeeding one is inevitable, if the succeeding body traverses 
the intermediate distance, but the traversing of that distance 
requires the traversing of its parts. Since the parts of that dis- 
tance are infinite in number, how can one imagine that the 
distance can be crossed? Therefore, no succeeding body can 
reach a preceding one. It is necessary to give an example to 
prove this point. If there is a definite distance assumed between 
the Moon and the Sun, and both bodies are moving at that 
distance, it should be impossible for the Moon to reach the 
Sun, even though the motion of the Moon is much faster than 
that of the Sun. However, such is not the case; by observation 
it is found that the Moon does in fact overtake the Sun, though 
such an event brings disgrace and shame upon those who hold 
to the view of infinite divisibility so well-known and well- 
established among the geometers. What happens to the phi- 
losophers is thus more disgraceful than what happens to the 
theologians. How then can one escape what has befallen these 
two groups? 


To this argument, Avicenna answered that, according to 
Aristotle, infinite division cannot always be performed actu- 
ally, but may sometimes exist only poteniially; al-Birüni's 
criticism, however, applies only to division in actuality. 
This is how al-Birüni replied: M 

Abū <Ali [Avicenna] has learned this answer from Muham- 
mad ibn Zakariya al-Rázi. Muhammad ibn Zakariya has said 
that, if for each of these objects, i.e., parts of a body, there be 
two sides and a middle, division can be carried out indefinitely, 
which is impossible. When you say "actually," I do not under- 
stand the meaning of that expression. For no matter how finely 
you grind collyrite, you will never actually reach that part 
of which you speak, because the actual division will come to 
8 halt before you reach it. In any case, potentiality remains 
in its place. Also, according to your view, it becomes necessary 
that the side of the square be equal to its diagonal; if you deny 
it, you have opposed your own principles. Or you may say that 
between the parts there is a separation; in this case, I ask if 
the separation is greater or smaller than the indivisible parts. 
[What al-Birümi means is that if a square consists of indi- 
visible parts, the number of parts on the side and in the diagonal 
must be equal, as in the figure shown. 
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If the indivisible parts were to be connected, side and diagonal 
would be equal, which is impossible. And if the parts were to 
be connected on the sides, but remain separated on the diagonal, 
there would have to be space between them. If these spaces 
were equal to the indivisible parts, the diagonal would be twice 
the side, a conclusion which is also impossible. Therefore, the 
spaces must be smaller or larger than the indivisible parts, thus 
indicating that the indivisible parts possess quantity, and can 
therefore be divided.] 

Question 6. On the possible elliptical shape of the heavens. 

Aristotle has mentioned in his second article that elliptical 
or lentil-shaped figures need a vacuum in order to have circular 
motion, while a sphere has no need of a vacuum. Such, how- 
ever, is not the case, for the elliptical figure is formed by the 
rotation of the ellipse about its major axis, and the lentil- 
shaped figure by the rotation of that same ellipse about its 
minor axis. Therefore, if in the process of the revolution of the 
ellipses which form these figures, there be contradiction or 
infraction, what Aristotle has claimed does not hold true. 
There remains no necessary condition for those figures different 
from those for the sphere, because if we make the axis of rota- 
tion of the ellipse the major axis and the axis of rotation of 
the lentil-shaped figure the minor axis, they will revolve like a 
sphere, and have no need of a void. The objection by Aristotle 
and his statement become true in the instance where we make 
the minor axis the axis of the ellipse and the axis of rotation 
of the lentil-shaped figure. Still it is possible for the ellipse to 
move about the minor axis and the lentil-shaped figure about 
the major axis, and thus to have no need of a vacuum. In fact, 
they become capable of following one another in succession, 
like the bodies located in the heavens, where there is no 
vacuum, according to the majority of the people. I am not 
saying that according to my belief the shape of the great 
heavens is not spherical, but elliptical or lentil-shaped. I have 
made numerous studies to reject this view, but I do wonder 
at the logicians!5 


3 Dekhoda, -Ali Akbar, Sharh-i hal-i nabighih-i shahir-i Tran Abū Raihan 
Muhammad ibn Ahmad Khwarazmi-i Birüni (Tehran: Entisharat-l 
Edareh-i Koll-i Negaresh. Vezarat-i Farhang, 1324/1945), 29ff. Trans- 
lated by S. H. Nasr. 
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Al-Birüni was also much interested in the question of the 
possible motion of the earth around the sun, and even wrote 
a book about it, which is now lost. As an astronomer, he 
realized that this question was a problem not for astronomy 
but for physics. He therefore directed the attention of stu- 
dents of physics to the problem, and he himself studied the 
physical implications of the heliocentric system. At the end 
of his life, after many years of neutrality on this question, 
he finally decided in favor of the geocentric scheme, not for 
astronomical reasons, but because the physics of heliocen- 
tricity seemed to him impossible. 

On the question of Motion of the Earth, he wrote: 


I have seen the astrolabe called Züraqi invented by Abu 
Sa'id Sijzi. I liked it very much and praised him a great deal, 
as it is based on the idea entertained by some to the effect that 
the motion we see is due to the Earth's movement and not to 
that of the sky. By my life it is a problem difficult of solution 
and refutation... 

It is the same whether you take it that the Earth is in motion 
or the sky. In both cases it does not affect the astronomical 
sciences. It is just for the physicist to see if it is possible to 
refute it.* 

As regards the resting of the earth, one of the elementary 
problems of astronomy, which offers many and great difficulties, 
this, too, is a dogma with the Hindu astronomers. Brahmagupta 
says in the Brahmasiddhanta: “Some people maintain that the 
first motion (from east to west) does not lie in the meridjan, 
but belongs to the earth. But Varáhamihira refutes them by 
saying: 'If that were the case, a bird would not return to its 
nest as soon as it had flown away from it toward the west.’ And, 
in fact, it is precisely as Varahamihira says." 

Brahmagupta says in another place of the same book: "The 
followers of Aryabhata maintain that the earth is moving and 
heaven resting. People have tried to refute them by saying that, 
pene were the case, stones and trees would fall from the 
e ” 

But Brahmagupta does not agree with them, and says that 
that would not necessarily follow from their theory, apparently 
because he thought that all heavy things are attracted towards 
the centre of the earth. He says: "On the contrary, if that were 
the case, the earth would not vie in keeping an even and uniform 
Pace with the minutes of heaven, the pranas of the times.” 

There seems to be some confusion in this chapter, perhaps 


4 A-Birüni, Zsfīāb, translated by S. H. Barani in “Al-Biruni’s Scientific 
Achievements," Indo-Iranica, Vol. V, No. 4 (1952). 
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by the fault of the translator. For the minutes of heaven are 
21,600 and are called prdna, i.e., breaths, because according 
to them each minute of the meridian revolves in the time of 
an ordinary human breath. 

Supposing this to be true, and that the earth makes a complete 
rotation eastward in so many breaths as heaven does according 
to his (Brahmagupta's) view, we cannot see what should pre- 
Man the earth from keeping an even and uniform pace with 

eaven, 

Besides, the rotation of the earth does in no way impair the 
value of astronomy, as all appearances of an astronomic 
character can be quite as well explained according to this theory 
as to the other. There are, however, other reasons which make 
it impossible. This question is most difficult to solve.5 


C. Al-Khazint 


A series of noteworthy physicists followed Alhazen and 
al-Birüni and continued their study especially in mechanics, 
hydrostatics, and related branches of physics. Also the criti- 
cism of the theory of projectile motion of Aristotle was fol- 
lowed along lines established by Avicenna leading to the im- 
portant studies of Avempace and other later Muslim philoso- 
phers and scientists who exercised much influence upon Latin 
medieval mechanics. In this domain the Muslim scientists 
developed the theory of "inclination" and founded the basis 
of the impetus theory and the concept of momentum which 
were further elaborated by late medieval scientists in the 
West. Moreover, Avempace's attempt to quantify projectile 
motion by considering the velocity as proportional to the 
difference between the force and the resistance rather than to 
their ratio is of much significance in the light of the later at- 
tempt of Bradwardine and the Mertonian school to describe 
motion quantitatively. 

Of the later Muslim physicists, one of the most important 
is AbwlI-Fath «Abd al-Rabman al-Khizini, originally a Greek 


5 Alberuni's India, Y, pp. 276-277. 


Physics 139 


slave who flourished in Merv at the beginning of the sixth/ 
twelfth century, and who continued the study of mechanics and 
‘hydrostatics in the tradition of al-Birüni and the earlier sci- 
entists. He also wrote several works on astronomy and phys- 
ics, among which is The Book of the Balance of Wisdom, 
"which is perhaps the most essential Muslim work on me- 
chanics and hydrostatics, and especially the study of centers 
of gravity. Muslim scientists had been acquainted from the 
beginning with Heron's On the Lifting of Heavy Things, 
which itself reflects some influence of Archimedes. And, al- 
though no evidence exists as yet of the Arabic translation of 
the pseudo-Aristotelian Mechanica or the Equilibrium of 
. Planes of Archimedes, the influence of both works and both 
schools in statics is found among Muslim physicists. The 
early Liber Karatonis of Thabit ibn Qurrah already shows the 
presence of the influence of these Greek schools, and it is of 
much interest that in this work Thabit ibn Qurrah tries to de- 
rive the law of the lever from rules of dynamics following 
. the pseudo-Aristotelian tradition, with the emphasis on dy- 
namics and center of gravity that was contrary to the ap- 
proach of Archimedes. 

The preoccupation with mechanics and especially with 
laws of simple machines is also to be seen in the writings of 
the Bani Misa and some of the apocryphal treatises attrib- 
uted to Avicenna, while the study of hydrostatics was cartied 
out with much success by al-Birüni and also by ‘Umar 
Khayyam. Al-Khàzini marks a further development in this 
School. He combined an interest in hydrostatics with me- 
chanics and concentrated especially on the concept of the 
center of gravity as applied to balance. In his efforts he was 
followed a century later by Abu?l-Izz al-Jazari, whose Book 
of Knowledge of Ingenious Geometrical Contrivances is the 
definitive work on mechanics in the Islamic world. He was in 
turn followed by Qaysar al-Hanafi, who was especially expert 
On the mechanics of the water wheel It was he who con- 

| Structed the famous celestial globe that survives today in the 
National museum of Naples. 
Just as the Muslims made the study of the rainbow into a 
Separate science so did they create a separate science of the 
alance in which al-Khàzini was the undisputed master. His 
Book of the Balance of Wisdom is the outstanding work in 
S science in which he also discussed the view of earlier 
| Scholars including Rhazes, Khayyam and al-Birüni. It is par- 
- ticularly of interest that al-Khazini describes an instrument 
that, according to him, al-Birüni used in his famous measure- 
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ments of specific weights of different substances, for al- 
Birüni himself never revealed the method by which he 
arrived at his results. 

A. Mieli, the Italian historian of science, has compared 
the determination of specific weights by al-Birüni and al- 
Khazini with modern results as follows:$ 


According to al-Birüni According to Modern 
based on the fixed value for?! | al-Khüzini values 


Substance Gold Mercury 
GOLD (19.26) 19.05 19.05 19.26 
MERCURY 13.74 (13.59) 13.56 13.59 
COPPER 8.92 8.83 8.66 8.85 
BRASS 8.67 8.58 | &57 8.4 
IRON 7.82 7.74 7.74 7.19 
TIN 722 7.15 7.32 7.29 
LEAD 11.40 11.29 11.32 11.35 
Emerald Quartz 
SAPPHIRE 3.91 3.76 3.96 3.90 
RUBY 3.75 3.60 3.58 3.52 
EMERALD (2.73) 2.62 2.60 2.73 
PEARL 2.73 2.62 2.60 2.75 
QUARTZ 2.53 (2.58) — 2.58 


6 Based on the more comprehensive table that A. Mieli published in his 
La science arabe et son róle dans l'évolution scientifique mondiale, Leiden, 
E. J. Brill, 1939, p. 101, where a somewhat more complete form of the 
table is given. The table compiled by Mieli is, in turn, based on a series of 
pioneering studies by E. Wiedemann, a leading German historian of 
Islamic science, who wrote numerous articles on Islamic science, particu- 
larly physics, and is originally responsible for the tabulation of this 
table. Some of the more notable articles of Wiedemann upon which the 
table of Mieli and most other later studies are based include, “Uber der 
Verbreitung der Bestimmungen des Spezifischen Gewichtes nach Birüni," 
Beitrüge zur Geschichte der Naturwissenschaften. Sitzungsberichte der 
Physikalisch-medicinischen Societát in Erlangen, XXXI, vol. 45, 1913, 
pp. 31-34; "Über das al-Berünische Gefüss zur spezifischen Gewichts- 
bestimmung," Verhandlungen der Deutschen Physikalischen Gesellschaft, 
1908, no. 8/9, pp. 339-343; “Uber die Kenntnisse der Muslime auf dem 
Gebiet der Mechanik und Hydrostatik," Archiv für Geschichte der 
Naturwissenschaften, 1910, vol. II, pp. 394—398. 

7T'The method of al-Birüni is based on measuring the values of different 
substances by taking a particular substance with a fixed value. The values 
for gold, mercury, emerald, and quartz fixed in each column are given 
in parentheses, and in each case the other values are given based on these 
fixed values. 
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Al-Khazini gives a detailed statement of the theory of the 
balance, of centers of gravity and of the general way of 
applying the balance, in order to measure the specific weight 
of bodies made of either one or two substances. The selec- 
tions presented below from The Book of the Balance of 
Wisdom—whose very title is reminiscent of the cosmic 
balance of Jabirian alchemy, but is here applied specifically 
to physical problems—demonstrate the delicacy that the 
use of the balance had reached among Muslim physicists. 
More specifically, they afford an indication of the method 
employed by al-Khàzini in making his measurements of spe- 
cific weights: 


SEC. 1. ENUMERATION OF THE ADVANTAGES AND USES OF THE 
BALANCE OF WISDOM 


Says al-Khazini, after speaking of the balance in general,— 
The balance of wisdom is something worked out by human 
intellect, and perfected by experiment and trial, of great im- 
portance on account of its advantages, and because it supplies 
the place of ingenious mechanicians. Among these [advantages] 
are: 1. exactness in weighing: this balance shows variation to 
the extent of a mithkàl; provided the maker has a delicate hand, 
attends to the minute details of the mechanism, and understands 
it; 2. that it distinguishes pure metal from its counterfeit, each 
being recognized by itself, without any refining; 3. that it leads 
to a knowledge of the constituents of a metallic body com- 
posed of any two metals, without separation of one from 
another, either by melting, or refining, or change of form, and 
that in the shortest time and with the least trouble. . . . 


SEC. 2. THEORY OF THE BALANCE OF WISDOM 


This just balance is founded upon geometrical demonstra- 
tions, and deduced from physical causes, in two points of view: 
1. as it implies centres of gravity, which constitute the most 
elevated and noble department of the exact sciences, namely, 
the knowledge that the weights of heavy bodies vary according 
to difference of distance from a point in common—the founda- 
tion of.the steelyard; 2. as it implies a knowledge that the 
weights of heavy bodies vary according to difference in rarity 
or density of the liquids in which the body weighed is im- 
mersed—the foundation of the balance of wisdom. 

To these two principles the ancients directed attention in a 
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vague way, after their manner, which was to bring out things 
abstruse, and to declare dark things, in relation to the great 
philosophies and the precious sciences. We have, therefore, 
seen fit to bring together, on this subject, whatever useful 
suggestions their works, and the works of later philosophers, 
have afforded us, in connection with those discoveries which our 
own meditation, with the help of God and His aid, has 
yielded. . . . 


SEC. 3. FUNDAMENTAL PRINCIPLES OF THE ART OF CONSTRUCT- 
ING THIS BALANCE 


Every art we say, has its fundamental principles, upon which 
it is based, and its preliminaries to rest upon, which one who 
would discuss it must not be ignorant of. These fundamental 
principles and preliminaries class themselves under three heads: 
1. those which rise up [in the mind] from early childhood and 
youth, after one sensation or several sensations, spontaneously; 
which are called first principles, and common familiar per- 
ceptions; 2. demonstrated principles, belonging to other depart- 
ments of knowledge; 3. those which are obtained by experiment 
and elaborate contrivance. 


SEC. 4. INSTITUTION OF THE WATER-BALANCE; NAMES OF THOSE 
WHO HAVE DISCUSSED IT, IN THE ORDER OF THEIR SUCCESSION; 
AND SPECIFIC FORMS OF BALANCES USED IN WATER, WITH THEIR 
SHAPES AND NAMES 


It is said that the [Greek] philosophers were first led to 
think of setting up this balance, and moved thereto, by the 
book of Menelaus addressed to Domitian, in which he says: 
*O King, there was brought one day to Hiero King of Sicily a 
crown of great prise, presented to him on the part of several 
provinces, which was strongly made and of solid workmanship. 
Now it occurred to Hiero that this crown was not of pure gold, 
but alloyed with some silver; so he inquired into the matter 
of the crown, and clearly made out that it was composed of 
gold and silver together. He therefore wished to ascertain the 
proportion of each metal contained in it; while at the same 
time he was averse to breaking the crown, on account of its 
solid workmanship. So he questioned the geometricians and 
mechanicians on the subject. But no one sufficiently skillful 
was found among them, except Archimedes the geometrician, 
one of the courtiers of Hiero. Accordingly, he devised a piece 
of mechanism which, by delicate contrivance, enabled him to 
inform the King Hiero how much gold and how much silver 
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was in the crown, while yet it retained its form." That was 
before the time of Alexander. Afterwards, Menelaus [himself] 
thought about the water-balance, and brought out certain 
universal arithmetical methods to be applied to it; and there 
exists a treatise by him on the subject. It was then four hundred 
years after Alexander. Subsequently, in the days of Mamin, the 
water-balance was taken into consideration by the modern 
philosophers. . . . 

Some one of the philosophers who have been mentioned 
added to the balance a third bowl, connected with one of the 
two bowls in order to ascertain the measure, in weight, of the 
rising of one of the two bowls in the water: and by that addition 
somewhat facilitated operations. . . . 


SEC. 5. FORMS AND SHAPES OF THE WATER-BALANCE 


. . . Balances used in water are of three varieties of shape: 
1. one with two bowls arranged in the ordinary way, called 
“the general simple balance"; to the beam of which are fre- 
quently added round-point numbers; 2. one with three bowls 
for the extreme ends, one of which is suspended below another, 
and is the water-bowl; which is called "the satisfactory balance," 
or "the balance without movable bowl"; 3. one with five bowls, 
called "the comprehensive balance," the same as the balance 
of wisdom; three of the bowls of which are a water-bowl and 
two movable bowls. The knowledge of the relations of Gne 
metal to another depends upon that perfecting of the balance, 
by delicate contrivance, which has been accomplished by the 
united labors of all those who have made a study of it, or 
Prepared it by fixing upon it [points indicating] the specific 
gravities of metals, relatively to a determined sort of water... .8 


These passages from al-Khazini’s study on the balance show 
that the Muslim physicists by this time were able to measure 
the absolute and specific weights of bodies made of two 
Simple substances as well as of one substance, although for 
the former task very large balances were needed. If we 
Consider A — the absolute weight of the body in question, 

. S — the specific gravity, d; and də the densities of its two 
. Components, and x — the absolute weight of the latter 
Component, then 


8 From N. Khanikoff, “Analysis and Extracts of the Book of the Balance 
Of Wisdom, in Arabic and English," Journal of the American Oriental 
Society, Vol. VI (1859), pp. 8-14. 
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Through this formula the absolute weight and consequently 
specific gravity of bodies composed of two simple components 
can be determined. 

The modern reader may wonder, in connection with men 
like Alhazen, al-Bīrūnī or al-Khāzinī, what their reactions 
would be to modern science. Would they regard this type 
of science as the continuation and perfection of what they 
had started, or—as modern historians usually express it—as 
an example of the “progress of ideas”? The difficulty with 
answering this question in modern terms is that today 
historic time has taken on a quantitative meaning, while 
' the qualitative nature of history itself has been nearly for- 
gotten. Actually, even a physicist like Alhazen lived in a 
spiritual and psychological milieu completely different from 
that of the modern expert on optics. In the world in which 
he lived, the phenomena of Nature had not as yet become 
completely divorced from their archetypes: light still re- 
minded man of the Divine Intellect, even if he did perform 
quantitative experiments with it. It may also be asked 
whether Alhazen would not have become a modern physicist 
if he were living in this century. The answer is that, since 
there is something “definite” and “absolute” regarding time— 
that is, the fifth/eleventh century differs qualitatively from 
this century—historical time is not the reversible time of 
classical physics, and the Alhazen of the fifth/eleventh 
century could not metaphysically be the same being with the 
same powers and faculties if he were suddenly placed in 
the twentieth century. 

If, however, the idea of bringing Alhazen or al-Birüni into 
the twentieth century could be realized, then the most proba- 
ble reaction of these men to modern science would be that 
of surprise at the position that quantitative science has 
come to occupy today. Alhazen and al-Bīrūnī were able to 
practice a kind of science which may be called “progressive,” 
while still remaining within a “nonprogressive” world view, 
because for them all scientia was subordinated to sapientia. 
Their quantitative science was only one interpretation of a 
segment of Nature, not the interpretation of all of it. The 
matrix of their world view remained immutable, even while 
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: they were pursuing their study of the world of becoming 
and change. The surprise felt by medieval Muslim natural 
scientists, if faced with modern science, would not arise from 
recognizing the "progress" of ideas which they had begun, 
but from seeing the complete reversal of relations. They 
would see the center of their perspective made peripheral, 
and the periphery made central; they would be astonished 
to learn that the "progressive" science, which in the Islamic 
world has always remained secondary, has now in the West 
become nearly everything, while the immutable and “non- 
progressive" science or wisdom which was then primary has 
now been reduced to almost nothing. 


CHAPTER FIVE 


MATHEMATICS 


MATHEMATICS IN THE ISLAMIC PERSPECTIVE is regarded 
as the gateway leading from the sensible to the intelligible 
world, the ladder between the world of change and the 
heaven of archetypes. Unity, the central idea of Islam, is an 
abstraction from the human point of view, even though in 
itself it is concrete. With respect to the world of the senses, 
mathematics is similarly an abstraction; but considered from 
the standpoint of the intelligible world, the “world of ideas” 
of Plato, it is a guide to the eternal essences, which are them- 
selves concrete. Just as all figures are generated from the 
point, and all numbers from unity, so does all multiplicity 
come from the Creator, who is One. Numbers and figures, 
if considered in the Pythagorean sense—that is, as ontological 
aspects of Unity, and not merely as pure quantity—become 
vehicles for the expression of Unity in multiplicity. The 
Muslim mind has therefore always been drawn toward mathe- 
matics, as may be seen not only in the great activity of the 
Muslims in the mathematical sciences, but in Islamic art 
as well. 

The Pythagorean number, which is the traditional con- 
ception of number, is the projection of Unity, an aspect of 
the Origin and Center which somehow never leaves its source. 
In its quantitative aspect, a number may divide and separate; 
in its qualitative and symbolic aspect, however, it integrates 
multiplicity back into Unity. It is also, by virtue of its close 
connection with geometric figures, a “personality”: for 
example, three corresponds to the triangle, and symbolizes 
harmony, while four, which is connected with the square, 
symbolizes stability. Numbers, viewed from this perspective, 
are like so many concentric circles, echoing in so many 
different ways their mutual and immutable center. They do 
not “progress” outwardly, but remain united to their source 
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by the ontological relation which they always preserve with 
Unity. So too with geometrical figures, each of which 
symbolizes an aspect of Being. The majority of Muslim 
mathematicians, like the Pythagoreans, never cultivated the 
science of mathematics as a purely quantitative subject, nor 
did they ever separate numbers from geometric figures, which 
conceptualize their “personalities.” They knew only too well 
that mathematics, by its inner polarity, was the "Jacob's 
ladder” which, under the guidance of metaphysics, could 
lead to the world of the archetypes and to Being itself, but, 
divorced from its source, would become instead the means 
of descent to the world of quantity, to the pole which is as 
far away as the conditions of cosmic manifestation permit 
from the luminous source of all existence. There can be no 
"neutrality" on the part of man with respect to numbers: 
either he climbs to the world of Being through knowledge 
of their qualitative and symbolic aspects, or he descends 
through them, as mere numbers, to the world of quantity. 
As mathematics was studied in the Middle Ages, it was 
usually the first role that was envisaged. The science of 
numbers was, as the Brethren of Purity wrote, "the first 
support of the soul by the Intellect, and the generous effusion 
of the Intellect upon the soul"; moreover, it was regarded as 
“the tongue which speaks of Unity and transcendence.” 

The study of the mathematical sciences in Islam included 
almost the same subjects as the Latin Quadrivium, with the 
addition of optics and a few secondary subjects. The main 
elements of it remain—as in the Quadrivium—arithmetic, 
geometry, astronomy, and music. Most Islamic scientists and 
philosophers were learned in all of these sciences; some, like 
Avicenna, al-Farabi and al-Ghazzali, wrote important treatises 
on music and its effect on the soul. 

Astronomy, and its sister astrology, with which it was 
nearly always associated (in Arabic, as in Greek, the same 
word denotes both subjects), was cultivated for a multiplicity 
Of reasons. There were problems of chronology and the 
Calendar; the necessity of finding the direction of Mecca, 
and the time of day for the daily prayers; the task of draw- 
ing horoscopes for princes and rulers, who nearly always 
consulted an astrologer with regard to their activities; and, 
Of course, the desire to perfect the science of motion of the 
heavenly bodies, and to overcome its inconsistencies, so as to 
attain perfection of knowledge. 

The main tradition of astronomy came down to the 
Muslims from the Greeks through the Almagest of Ptolemy. 
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There was, however, also the Indian school, whose doctrines 
concerning astronomy, as well as arithmetic, algebra, and 
geometry, were embodied in the Siddhdntas translated from 
the Sanskrit into Arabic. There were moreover some Chaldean 
and Persian texts most of whose originals have been lost, 
as well as a pre-Islamic Arabic astronomical lore. The Muslim 
astronomers, as we already have seen, made many observa- 
tions, whose results were compiled in a number of zij's more 
comprehensive than those of the ancients, and used until 
modern times. They also continued the school of mathe- 
matical astronomy of Ptolemy, applying their own perfected 
science of spherical trigonometry to the more exact calculation 
of the motion of the heavens, within the context of the 
epicyclic theory. They usually followed a geocentric theory, 
although they were aware, as al-Birüni shows, of the existence 
of the heliocentric system. And as al-Birüni reports Abü 
Sadd al-Sijzi had even made an astrolabe based on the 
heliocentric theory. 

The influence of Indian ideas was also to result in the 
development and systematization of the science of algebra. 
Although the Muslims were acquainted with the work of 
Diophantos, there is little doubt that algebra as cultivated 
by Muslims had its roots in Indian mathematics which they 
synthesized with Greek methods. The genius of the Greeks 
was evidenced in their expression of finite order, of the 
cosmos, and therefore of numbers and figures; the perspec- 
tive of Oriental wisdom is based upon the Infinite, whose 
“horizontal image" corresponds to the “indefinity” of mathe- 
matics. Algebra, which is integrally associated .with this 
perspective based on the Infinite, was born of Indian specu- 
lation and raised to maturity in the Islamic world where it 
was always related to geometry, and where it preserved its 
metaphysical basis. Along with the use of Indian numerals— 
today known as "the Arabic numerals"—algebra may be 
regarded as the most important science which the Muslims 
added to the corpus of ancient mathematics. In Islam, the 
traditions of Indian and Greek mathematics met and became 
unified into a structure in which algebra, geometry, and 
arithmetic were to possess a contemplative, spiritual, and 
intellectual aspect, as well as that practical and purely 
rational aspect, which was the only part of medieval mathe- 
matics to be inherited and developed by the later Western 
science, known by the same name. 

The history of mathematics in Islam begins properly 
speaking with Muhammad ibn Müsà al-Khwarazmi, in whose 
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writings the Greek and Indian traditions of mathematics 
became united. This third/ninth-century mathematician left 
behind several works, of which The Book of Summary in 
the Process of Calculation for Compulsion and Equation, 
discussed later, is the most important. It was translated into 
Latin several times, under the title of Liber Algorismi, namely 
the “book of al-Khwàrazmi"; it became the source of the 
word “algorism.” 

Al-Khwarazmi was followed during the same century by 
al-Kindi, the first well-known Islamic philosopher who was also 
a competent mathematician, writing treatises in nearly every 
branch of the subject, and his student, Ahmad al-Sarakhsi, 
best known for his works on geography, music and astrology. 
Also of this period was al-Mahani, who continued the 
development of algebra, and became particularly famous 
for his study of Archimedes’ problem, and the three sons 
of Shakir ibn Müsà—Mubhammad, Ahmad, and Hasan— 
who are also called the "Banü Misa.” They were all well- 
known mathematicians, Ahmad being in addition a com- 
petent physicist. 

The beginning of the fourth/tenth century marks the 
appearance of several great translators, who were also 
mathematicians of note. Outstanding among them was Thabit 
ibn Qurrah, who translated the Conics of Apollonius, several 
treatises of Archimedes, and the Introduction to Arithmetic 
of Nicomachus, and was himself one of the foremost Muslim 
mathematicians. He was responsible for calculating. the 
volume of a paraboloid, and for giving a geometrical solu- 
tion to some third-degree figures. His contemporary, Qustá 
ibn Lüqà, who became famous in later Islamic history as a 
personification of the wisdom of the ancients, was also a 
competent translator, and rendered the works of Diophantos 
and Heron into Arabic. 

Among other mathematicians of note of the fourth/tenth 
century, one must include Abu?l-Wafa> al-Buzjàni, the com- 
mentator on al-Khwarazmi’s The Book of Summary in the 
Process of Calculation for Compulsion and Equation, who 
solved the fourth degree equation x* + px? — q, by means 
Of the intersection of a parabola and a hyperbola. Also of 
this century were Alhazen, whom we have already discussed, 
and the "Brethren of Purity," to whom we shall turn shortly. 
They were followed by Abü Sahl al-Kühi, another of the 
outstanding Muslim algebraists, and the author of Additions 
to the Book of Archimedes, who made a thorough study of 
trinomial equations. 
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One might also refer to Avicenna as one of the mathe- 
maticians flourishing at this time, although his reputation is 
far greater as a philosopher and physician than as a mathe- 
matician. Avicenna, like al-Farabi before him, elaborated 
the theory of the Persian music of his period, a music which 
has survived as a living tradition down to the present day. 
It is incorrect to refer to their works as contributing to the 
theory of "Arabic music," since Persian music belongs 
essentially to a different musical family. It is very much 
akin to the music of the ancient Greeks—to the music heard 
by Pythagoras and Plato—although it has exercised some 
influence upon Arabic music as well as a strong influence 
upon Flamenco, and has in turn been affected by the rhythm 
and melody of Arabic music. It was this tradition of Persian 
music that Avicenna, and before him al-Farabi, theorized in 
the form of study then regarded as a branch of mathematics. 

Avicenna was contemporary with the celebrated al-Birüni, 
who has left us some of the most important mathematical 
and astronomical writings of the medieval period, and who 
made a special study of such problems as numerical series 
and the determination of the radius of the earth. His con- 
temporary, Abi Bakr al-Karkhi,! also left behind two basic 
works on Islamic mathematics, The Book Dedicated to 
Fakhr al-Din on algebra and The Requisite for Arithmetic. 

The fifth/eleventh century, which marks the rise of the 
Seljuqs to power, was characterized by a certain lack of 
interest in mathematics in the official schools, although a 
number of great mathematicians appeared during this period. 
They were headed by ‘Umar Khayyam and a host of other 
astronomers and mathematicians, who worked with him in 
revising the Persian calendar. The work of these mathema- 
ticians finally led to the fruitful activity of the seventh/ 
thirteenth century—when, following the Mongol invasion, the 
study of mathematical sciences was rejuvenated. The foremost 
figure of this period was Nasir al-Din al-Tüsi. It was under 
his direction, as we saw earlier, that many scientists, especially 
mathematicians, were assembled in the observatory at 
Maragha. 

Although, after the seventh/thirteenth century, interest 
in the study of mathematics gradually diminished, important 


1In some manuscripts the name appears as al-Karaji and some modern 
Scholars believe this to be the correct form. In later Islamic history, how- 
ever, he has usually been known as al-Karakhi. 
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mathematicians continued to flourish, who solved new 
problems and discovered new methods and techniques. Ibn 
Banna? al-Marrakushi in the eighth/fourteenth century made 
a new approach to the study of numbers, to be followed a 
century later by Ghiyàth al-Din al-Kàshàni. The latter was 
the greatest Muslim mathematician in the field of computation 
.and number theory. He was the real discoverer of decimal 
fractions and made a very exact determination of the value 
of pi (z), as well as discovering many new methods and 
contrivances for computation. His The Key of Arithmetic 
(Miftah al-hisüb) is the most fundamental work of its kind 
in Arabic. Meanwhile, a contemporary of al-Kashàni, 
"Abirl-Hasan al-Busti, who lived in Morocco, at the other 
extreme of the Islamic world, was also treading new paths 
in the field of the study of numbers, and the Egyptian Badr 
‘al-Din al-Màridini was composing significant mathematical 
and astronomical treatises. 

The Safavid renaissance in Persia marks the last period 
of relatively extensive activity in the field of mathematics, 
although little of it is known to the outside world. The 
architects of the beautiful mosques, schools and bridges of 
this time were all competent mathematicians. The most 
famous of these tenth/sixteenth century figures in the field 
Of mathematics is Baha? al-Din al-<Amili. In mathematics, 
his writings were mostly a survey and a summary of the 
works of the earlier masters; they became the standard texts 
in the various branches of that science from the time when, 
in the official schools, the study of mathematics became 
limited to a summary treatment, leaving more serious study 
to personal initiative. 

A contemporary of Baha? al-Din al-<Amili, Mulla Muham- 
mad Baqin Yazdi, who flourished at the beginning of the 
tenth/sixteenth century, made original studies in mathematics. 
‘It is even claimed by some later mathematicians that he made 
an independent discovery of the logarithm, but this claim has 
not yet been fully investigated and substantiated. After Yazdi, 
Mathematics remained chiefly bound to the framework that 
had been established by the medieval masters of that science. 

ere were occasional figures, such as the twelfth/eighteenth 
century Naraqi family of Kashan, who wrote several original 
| treatises, or the thirteenth/nineteenth century Mulla <Ali 
E Muhammad Isfahàni, who gave numerical solutions for third 
3 degree equations. There were also a few Indian mathemati- 
E Clans of note. Generally speaking, however, the speculative 
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power of Islamic society turned almost wholly to questions of 
metaphysics and gnosis; mathematics, except for its use in 
daily life, served essentially as the ladder to the intelligible 
world of .metaphysics. It thus fulfilled the function that the 
Brethren of Purity and many other earlier authorities had 
regarded as being its very raison d'étre. 

To summarize the achievements of Islamic mathematics, 
it can be said that the Muslims first of all developed number 
theory in both its mathematical and metaphysical aspects. 
They generalized the concept of number beyond what was 
known to the Greeks. They also devised powerful new 
methods of numerical computation that reached their height 
rather late with Ghiyath al-Din al-Kashani in the eighth/four- 
teenth and ninth/fifteenth. centuries. They also dealt with 
decimal fractions, numerical series, and similar branches of 
mathematics connected with numbers. They developed and 
systematized the science of algebra, though always pre- 
serving its link with geometry. They continued the work of 
the Greeks in plane and solid geometry. Finally, they de- 
veloped trigonometry, both plane and solid, working up 
accurate tables for the functions and discovering many trigo- 
nometric relations. Furthermore, although this science was 
from the beginning cultivated in conjunction with astronomy, 
it was perfected and made into an independent science for 
the first time by Nasir al-Din al-Tüsi in his famous Figure 
of the Sector, which represents a major achievement in 
medieval mathematics. 


A. The Brethren of Purity 


The Brethren of Purity, whose historic identity still remains 
in doubt, were a group of scholars, probably from Basra, 
who in the fourth/tenth century produced a compendium 
of the arts and sciences in fifty-two epistles. In addition there 
is the Risalat al-jami:ah, which summarizes the teachings of 
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the Epistles. Their clear style and their effective simplification 
of difficult ideas succeeded in making their Epistles very 
popular, and thus in arousing much interest in the philo- 
sophical and natural sciences. The sympathies of the Brethren 
of Purity were definitely with the Pythagorean-Hermetic 
aspect of the Greek heritage, as is especially evident in their 
mathematical theories, which exercised a great influence 
during later centuries, particularly among Shiite circles. Like 
the Pythagoreans they emphasized the symbolic and meta- 
physical aspect of arithmetic and geometry, as can be gathered 
from the following selections from their writings. 


THE MEANING OF NUMBER 


The form of the numbers in the soul corresponds to the 
form of beings in matter (or the Ay/é). It [number] is a sample 
from the superior world, and through knowledge of it the 
disciple is led to the other mathematical sciences, and to physics 
and metaphysics. The science of number is the “root” of the 
sciences, the foundation of wisdom, the source of knowledge, 
and the pillar of meaning. It is the First Elixir and the great 
alchemy... .? 


THE SCIENCE OF NUMBER 


Know, oh Brother, experienced and merciful, that because 
this has been the way of our exalted brethren (may God assist 
them in the knowledge of all things in the world, from substance 
and accident, simple bodies and separate substances, elements 
and compounds to its structure and order as it is now, and how 
that came about and that it issued forth from one cause and one 
source and from one designer, may His Glory Be Exalted), 
and because they bring as witness to their clarification numerical 
symbols and geometrical evidence, just as do the Pythagoreans, 
therefore it is incumbent upon us to introduce this treatise be- 
fore all other treatises, and to mention in it the science of num- 
bers and of their properties, known as arithmetic. This is like a 
preface, or like the prolegomena which would make the road 
more easy for those who seek that knowledge and wisdom 
which is called philosophy, and would also make it more 
accessible to beginners just looking into the mathematical 
Sciences. 


2 Ikhwan al-Safa», Risálat al-Jami«ah (Damascus: al-Taraqqi Press, 1949), 
I, p. 9. Translated by S. H. Nasr. 
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The beginning of philosophy is the love of science; its mid- 
point, such knowledge of the reality of created things as is 
within human capacity; its end, words and deeds in conformity 
with such knowledge. The philosophical sciences are of four 
kinds: 1) Mathematics; 2) Logic; 3) Natural philosophy 
(physics); 4) Divine science (metaphysics). And mathematics 
is of four kinds: 1) Arithmetic; 2) Geometry; 3) Astronomy; 
4) Music. Music is the knowledge of the harmony of sound, 
and through it the elaboration of the principles of melody; 
astronomy is the science of the stars, based on the evidence 
brought forth in the Almagest; just as the science of geometry 
is based on the evidence brought forth in Euclid; arithmetic is 
the science of the properties of numbers, and of the meanings 
that correspond with them, concerning the inner reality of 
created things, as has been stated by Pythagoras and Nico- 
machus.... 


UNITY AND MULTIPLICITY 


Expressions indicate meaning; meaning is that which is 
named, and expressions are names. The commonest of ex- 
pressions is "thing" and the "thing" is either one or more 
than one. The one can be shown in two ways—-either as 
reality or as symbol. The one as reality is the "thing" that 
has no parts, and cannot be di#led: everything indivisible is 
one; it is by reason of its oneness that it is indivisible. (If you 
want, you can say that the one as reality is that which does 
not have in it anything outside of itself.) But the one as 
symbol is every assemblage which is called one: one may say 
that 10 is a unit, or 100 is a unit, or 1000 is a unit. And one is 
one by its oneness, just as black is black by its blackness. As 
for multiplicity, it is an assemblage of units. The first multi- 
plicity is two, and then 3, 4, 5, and so on, indefinitely. Multi- 
plicity is of two kinds: either a number or a “numbered”; the 
difference between the two is that the number is the quantity 
of the forms of things in the soul of him who numbers, while 
the “numbered” are the things themselves. . . . 

Know that there is no number that does not have either one 
or several properties. And the meaning of a property of any- 
thing is that it is an attribute, pertaining especially to that 
thing which it does not share with anything else. The property 
of one is that it is the principle and origin of numbers, as we 
have mentioned before; by it, all things are numbered, both 
the odd and the even. And the property of two is that, speaking 
absolutely, it is the first number: by it, one counts one-half of 
all numbers—i.e., the even, but not the odds. The property of 
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three is that it is the first of the odd numbers; by it, one can 
measure one-third of all numbers, which are odd and sometimes 
even. The property of four is that it is the first square num- 
ber. The property of five is that it is the first circular number; it 
is called spherical. The property of six is that it is the first com- 
plete number [equal to the sum of its divisors], while the prop- 
erty of seven is that it is the first perfect number. The property 
of eight is that it is the first cubic number. The property of nine 
is that it is the first odd square, and the last of the single digits. 
The property of ten is that it is the first of the two-digit num- 
bers. The property of eleven is that it is the first mute number. 
The property of twelve is that it is the first exceeding number 
[the sum of its divisors is greater than the number itself.] 


METAPHYSICAL SIGNIFICANCE OF 
UNITY AND MULTIPLICITY 


Know, oh Brother (may God assist thee and us by His 
Spirit), that Pythagoras was a unique sage, a Harranaean [from 
the community of Harran in Mesopotamia; they asserted 
that their prophet was Idris or Enoch, who is usually identified 
with Hermes Trismegistus], who had a great interest in the 
study of the science of numbers and their origin, and discussed 
in great detail their properties, classification and order. He 
used to say: “The knowledge of numbers, and of their origin 
from unity (which is before two), is the knowledge of the 
Unity of God, May He Be Exalted; and the knowledge of the 
properties of numbers, their classification and order is the 
knowledge of the beings created by the Exalted Creator, and 
of His handiwork, its order and classification. The science 
of numbers is centered in the soul, and needs little contempla- 
tion and little recollection before it becomes clear and is known 
without evidence. . . .” 

Know, oh Brother (May God assist thee and us by the Spirit 
from Him) that God, Exalted Be His Praise, when He created 
all creatures and brought all things into being, arranged them 
and brought them into existence by a process similar to the 
Process of generation of numbers from one, so that the multi- 
Plicity [of numbers] should be a witness to His Oneness, and 
their classification and order an indication of the perfection 
of His wisdom in creation. And this would be a witness to the 
fact, too, that they [creatures] are related to Him who created 
them, in the same way as the numbers are related to the One 
Which is prior to two, and which is the principle, origin and 
Source of numbers, as we have shown in our treatise on 
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arithmetic. Since God (May His Praise Be Exalted) is One in 
Reality, and in every aspect and sense, it is impossible that 
the creature, His handiwork, should be in reality one. Instead, 
it would be necessary that there should be multiplicity in unity, 
duality, "coupled"— because it is the Creator (Exalted Be 
His Praise) who first began, with a single action, upon a 
unified single recipient of His action, which is indeed the 
Cause of causes; thus, this action was in reality not unity, but 
rather duality. That is why it is said that He brought into 
being and created things in duality, in pairs, and made 
[duality] the law of creatures and the principle of beings. 

And that is why the philosophers and sages have said: 
hylé [matter] and form; and some of them have said: light and 
darkness; and others substance and accident; and others, good 
and evil; and others, affirmation and negation; and others, 
positive and negative; and others, spiritual and corporeal; and 
others, the Guarded Tablet and the Pen; and others, effusion 
and intellect; and others, love and hatred; and others, motion 
and rest; and others, existence and non-existence; and others, 
soul and spirit; and others, generation and corruption; and 
others, this world and the next; and others, cause and effect; 
and others, the beginning and the end; and others, contraction 
and expansion. 

Similarly, we find many dualities or opposites in Nature, 
Such as: moving and stationary bodies; the manifest and the 
hidden; the high and the low; the outside and the inside; the 
subtle and the gross; the hot and the cold; the moist and the 
dry; the excessive and the deficient; the inanimate and the 
animate; the articulate and the inarticulate; the male and the 
female, and all opposites which form a pair. i 

This is the necessary condition of all beings, whether animal 
or plant. [Duality is] life and death; sleep and awakening; 
illness and health; pleasure and pain; scarcity and plenty; joy 
and sorrow; happiness and sadness; well-being and decay; 
harmful and beneficial; good and evil; good luck and evil 
omen; going and coming. 

Such too are the basic characteristics of the institutions of 
sacred law, and of social and religious matters; command and 
restraint; promise and threat; attraction and repulsion; sub- 
mission and revolt; praise and blame; punishment and reward; 
the permissible and the forbidden; limits and licenses; right 
and wrong; good and bad; truth and falsehood, justice and 
injustice. . . . 

Know, oh Brother, that since it is not wise to have all 
beings in pairs, some things were also made in threes, fours, 
fives, sixes, and sevens, and so on, indefinitely. . . . 

Know, oh Brother, that all beings are of two kinds, no more, 
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no less: the universals and the particulars. The universals are 
of nine levels, whose order is: the Creator (May His Praise 
Be Exalted); then the Intellect, having two powers; then the 
Soul, having three attributes; then the materia prima, having 
four expansions; then Nature, having five elements [ether, 
fire, air, water, earth]; then the Body, with six directions; 
then the Heavens, having seven levels [of planets]; then the 
elements, having eight mixtures; then the compounds [animals, 
plants and minerals], having nine kinds. 


GEOMETRY 


As we have mentioned, sensible [as opposed to intelligible] 
geometry is the beginning and the introduction. We want to say 
something about intellectual geometry, because it was one of 
the goals sought by the sages deeply learned in the divine sci- 
ences, and disciplined in philosophical mathematics. Their 
Objective in classifying geometry after the science of number, 
was to show the order by which the disciples are led from the 
sensible to the intelligible domain, and students and the young 
raised up from physical matters to spiritual ones. 

Know, oh Brother (May God assist thee, and assist us by the 
Spirit which comes from Him), that the study of sensible 
geometry leads to skill in all the practical arts while the study 
of intelligible geometry leads to skill in the intellectual arts, 
because this science is one of the gates through which we move 
to the knowledge of the essence of the soul, and that is the 
root of all knowledge, and the element of wisdom, and the 
principle of all practical and intellectual arts. . . .3 


B. Al-Khwarazmi 


The science of algebra may be said to have had its origin 
in the celebrated work of Muhammad ibn Misa al- 


3 Ikhwan al-Safa>, Rasivil (Cairo: <Arabiyah Press, 1928). From the 
a ` epistles on arithmetic and geometry. Translated by S. H, Nasr. 
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Khwéarazmi entitled The Book of Summary in the Process 
of Calculation for Compulsion and Equation (Kitab al- 
mukhtasar fi hisab al-jabr wal-muqübalah) where for the 
first time the Arabic word al-jabr, meaning “compulsion” 
and also “restoration,” was used. It is from this word that, 
according to some authorities, the English word “algebra” 
is derived. Moreover, al-Khwarazmi’s book on arithmetic, 
which was later translated into Latin along with his work 
on algebra, was responsible more than any other single text 
for spreading the Indian system of numeration both in the 
Islamic world and in the West. 

The following excerpts are from Chapter I of the Algebra, 
and from a series of problems, appended to the six-chapter 
work, as illustrations to each chapter. 


The Book of Algebra and Almucabola Containing 
Demonstrations of the Rules of the Equations of 
Algebra. 


(WRITTEN SOME TIME AGO IN ARABIC, BY AN UNKNOWN 
AUTHOR, AND AFTERWARDS, ACCORDING TO TRADITION IN 1183, 
PUT INTO LATIN BY ROBERT OF CHESTER, IN THE 
CITY OF SEGOVIA.) 


In the name of God, tender and compassionate, begins the 
book of Restoration and Opposition of number put forth 
by Mohammed al-Khowarizmi, the son of Moses. Mohammed 
said, Praise God the creator who has bestowed upon man the 
power to discover the significance of numbers. Indeed, reflecting 
that all things which men need require computation, I dis- 
covered that all things involve number and I discovered that 
number is nothing other than that which is composed of units. 
Unity therefore is implied in every number. Moreover I dis- 
covered all numbers to be so arranged that they proceed from 
unity up to ten. The number ten is treated in the same manner 
as the unit, and for this reason doubled and tripled just as 
in the case of unity. Out of its duplication arises 20, and from 
its triplication 30. And so multiplying the number ten you 
arrive at one-hundred. Again the number one-hundred is 
doubled and tripled like the number ten. So by doubling and 
tripling etc. the number one-hundred grows to one-thousand. 
In this way multiplying the number one-thousand according 
to the various denominations of numbers you come even to 
the investigation of number to infinity. 

Furthermore I discovered that the numbers of restoration 
and opposition are composed of these three kinds: namely, 
roots, squares and numbers. However number alone is con- 
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nected neither with roots nor with squares by any ratio. Of 
these then the root is anything composed of units which can 
be multiplied by itself, or any number greater than unity 
multiplied by itself: or that which is found to be diminished 
below unity when multiplied by itself. The square is that which 
results from the multiplication of a root by itself. 
Of these three forms, then, two may be equal to each other, 

as for example: 

Squares equal to roots 

Squares equal to numbers, and 

Roots equal to numbers 


CHAPTER I. CONCERNING SQUARES EQUAL TO ROOTS 


The following is an example of squares equal to roots: a 
square is equal to 5 roots. The root of the square then is 5, 
and 25 forms its square which, of course, equals five of its roots. 

Another example: the third part of a square equals four 
roots. Then the root of the square is 12 and 144 designates its 
square. And similarly, five squares equal 10 roots. Therefore 
one square equals two roots and the root of the square is 2. 
Four represents the square. 

In the same manner them that which involves more than 
one square, or is less than one, is reduced to one square. Like- 
wise you perform the same operation upon the roots which 
accompany the squares. 


SIXTH PROBLEM, ILLUSTRATING THE SIXTH CHAPTER 


I multiply 44x and !4x in such a way as to give x itself 
plus 24 units. 

Explanation: first you observe that when you multiply 14x 
by %4x you obtain % of %x? equal to x + 24 units. The 
multiplication of 4% of %x? by 12 gives the complete square. 
Similarly, the multiplication of x plus 24 units gives 12x plus 
288 which equal x?. Therefore take one-half of the roots and 
multiply the half by itself. Add the product of this multiplica- 
tion to 288, giving 324. Take now the root of this, i.e., 18, and 
add it to the half of the roots. The root finally is 24. So this 
problem has led you to the sixth of the six chapters in which 
we treated the type, roots and numbers equal to a square.* 


4 Robert of Chester's Latin Translation of the Algebra of al-Khowarizmi, 
translated into English by L. C. Karpinski (London: The Macmillan 
-= Company, 1915), pp. 66, 69, 109. 
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C. ‘Umar Khayyam 


The name of ‘Umar Khayyam has become very familiar 
in the English-speaking world through the beautiful, although 
sometimes free, translation of his Rubatyat or Quatrains 
by Fitzgerald. In his own time, however, Khayyam was 
known as a metaphysician and scientist rather than as a poet, 
and he is remembered in Persia today most of all for his 
mathematical works and his participation with other astron- 
mers in devising the Jalali solar calendar, which has been 
used there ever since his time. 

During his own time, he was known not only as a master 
of the mathematical sciences and as a follower of Greek- 
inspired philosophy, especially the school of Avicenna, but 
also as a Sufi. Although he was attacked by some religious 
authorities, and even by certain Sufis, who wanted to present 
Sufism in a more exoteric dress, Khayyam must be regarded 
as a gnostic, behind whose apparent skepticism lies the 
absolute certainty of intellectual intuition. His adherence 
to Sufism is shown by the fact that he assigned to the Sufis 
the highest place in the hierarchy of possessors of knowledge. 

In -Khayyam several perspectives of Islam unite. He was 
a Sufi and poet, as well as a philosopher, an astronomer and 
a mathematician. Unfortunately, he apparently wrote little, 
and even of that little, some works have been lost. Never- 
theless, his remaining works—which include, besides his 
poetry, treatises on existence, generation and corruption, 
physics, the totality of the sciences, the balance, metaphysics, 
as well as mathematical works consisting of research on 
Euclid’s axioms, arithmetic, and algebra—are sufficient evi- 
dence of his universality. The Algebra of Khayyam is one 
of the most outstanding mathematical texts of the medieval 
period. It deals with equations through the cubic order, 
classifying and solving them (usually geometrically), and 
always preserving the relation between the unknowns, num- 
bers and geometrical forms, thereby maintaining the link 
between mathematics and the metaphysical significance in- 
herent in Euclidean geometry. 

The following excerpts are from the first four sections of 
the Algebra; the very important subsequent sections, which 
deal with cubic and quadratic equations, are omitted, pri- 
marily because of their difficulty for the general reader. 
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II. The Text. A Treatise on al-jabr by the wise the unique 
master Abwl Fath ‘Umar ibn Ibrahim al-Khayyámi, May 
God preserve him in his perfection... . 

One of the mathematical processes required in that branch 
of philosophy known as mathematical is the art of al-jabr and 
al-muqàábala, designed for the extraction of numerical and 
areal unknowns, and there are kinds of it in which you require 
very hard kinds of introductions, (and which are) impossible 
to solve by most people who consider them. As for the Ancients 
we have had no discourse from them concerning it. Perhaps 
after searching and looking into it they failed to notice it, or 
they were not forced by the discussion to investigate it, or their 
Statements about it were not translated into our language. 

As for the later scholars, it occurred to Mahani to analyze, 
by the methods of al-jabr, the introduction which Archimedes 
used, as given, in the fourth figure of the second essay of his 
Book of the Sphere and the Cylinder, and he (Mahani) went 
as far as (the case of) cubes, squares, and numbers being 
equated. But he did not succeed in obtaining a solution even 
after much thought, and he came to the conclusion that it 
was impossible to solve, (and no one did so) until the advent 
of >Abi Ja‘far al-Khazin, who solved it by conic sections. 
And after him a number of geometricians lacked some kind 
of them. Now the proof of these is a discourse which is reliable 
except as regards two kinds, which I am going to set down. 

For I have always been very anxious to investigate all its 
kinds and to distinguish, with proofs in the various cases 
of every kind, the possible from the impossible, because I know 
that the need for it in the difficult problems is very great. 
And I was unable to devote myself to the learning of this 
al-jabr and the continued concentration on it, because of 
obstacles in the vagaries of Time which hindered me; for we 
have been deprived of all the people of knowledge save for a 
group, small in number, with many troubles, whose concern 
in life is to snatch the opportunity, when Time is asleep, to 
devote themselves meanwhile to the investigation and perfection 
of a science; for the majority of the people who imitate 
philosophers confuse the true with the false, and they do 
nothing but deceive and pretend knowledge, and they do not 
use what they know of the sciences except for base and material 
purposes; and if they see a certain person seeking for the right 
and preferring the truth, doing his best to refute the false and 
untrue and leaving aside hypocrisy and deceit, they make a 
fool of him and mock him. God is the helper in every case, 
and in Him we take refuge. 

Then God—May He be exalted—graciously allowed me to 
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devote myself entirely to our unique and most eminent master, 
the chief justice the Imam Saiyid Abi Tahir—May God 
perpetuate his glory and suppress his envious enemies—after 
my despairing of ever seeing his perfect equal in every virtue 
theoretical and practical, he who gathered in himself the 
extremes of knowledge and who was firm in action and sought 
good for every one of his kind. My heart rejoiced in seeing 
him and my reputation rose high due to his patronage, and my 
state prospered by borrowing from his light, and I was strength- 
ened by his gifts and favours. And I had no alternative but 
to endeavour to compensate for what Time had made me miss, 
to summarize what I ascertain of the essence of the philo- 
sophical ideas so as to bring me nearer to his high company; so 
that I started to enumerate these kinds of the algebraic intro- 
ductions, for mathematics is most worthy of priority. And 
I held fast to the cord of success from God the Exalted, 
hoping that He would guide me to follow this by investigating 
the conclusions of my discussions and those of my predecessors 
in the more important sciences, placing my trust in God who 
would meet all my needs, and upon whom I depend in every 
circumstance. 

I say, with God’s help and good guidance, that the art of 
al-jabr and al-mugàábala is a mathematical art, whose subject 
is pure number and mensurable quantities in as far as they 
are unknown, added to a known thing with the help of which 
they may be found; and that (known) thing is either a quantity 
or a ratio, so that no other (ratio) is like it, and the thing 
is revealed to you by thinking about it. And what is required 
in it (the art) are the coefficients which are attached to its 
subject-matter (of the equation) in the manner stated above. 
And the perfection of the art is knowing the mathematical 
methods by which one is led to the manner of extracting the 
numerical and mensurable unknowns. 

Now these quantities are any of the four variable quantities, 
which are the line, the plane, the solid, and time, as was 
mentioned briefly in the Categories and in detail in the First 
Book of (his) [Aristotle's] philosophy. His followers regard 
place as well as a plane as sharing the genus “continuous” but 
investigation refutes their view and corrects it to “place is a 
plane with certain qualifications," but the occasion of this 
investigation is outside the present discussion. It is not cus- 
tomary to mention time among the subjects of the problems of 
al-jabr, but should it be mentioned it would be possible to 
include it. The practice of algebraists in their art is to call the 
unknown, which it is required to find “the thing," and the prod- 
uct of it with itself *a square," and its product with its square "a 
cube,” and the product of its square with its square “the square 
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of the square," and the product of its cube with the square 
“the square of the cube," and the product of its cube with 
itself is “the cube of the cube,” and so forth, however great 
(a power) it may be. It is known from the Elements of Euclid 
that all these powers are proportional, i.e., the ratio of unity 
to the root is as the ratio of the root to the square and as the 
ratio of the square to the cube; so that the ratio of the numeric 
to the roots is as the ratio of the roots to the squares and as 
the ratio of the squares to the cubes, and as the ratio of the 
cubes to the squares of the squares, and so forth, however great 
it (the square of the square) may be. It must be realized that 
this treatise cannot be understood except by one who has 
mastered Euclid's Elements and his book called the Data 
and two books of Apollonius on the Conics, and anyome who 
does not know (any) one of these three cannot understand 
(the present treatise). And I have undertaken not to base 
myself in this treatise except on these three books. 

Now the extractions of al-jabr are effected by equating, i.e., 
the equating of these powers to each other, as is well known; 
and when the algebraist uses “square of the square,” respecting 
areas, that is only in a metaphorical way and not literally, for 
it is impossible for the square of the square to be in quantities. 
And it is the single dimension, ie. the root, which is in 
quantities; when the side is taken with its square, we have the 
two dimensions which are the surface; and the square in 
quantities is the square surface; then there are the three dimen- 
sions which make the solid; and the solid cube in quantities 
is the solid which is surrounded by six square faces; and as 
there is no other dimension, there does not occur in them, i.e., 
quantities, the square of the square, nor anything which comes 
above that. And when we speak of the square of the square in 
quantities, we are referring to the magnitude of its parts when 
the area is being found, and to itself (i.e., the square of the 
square) after the area has been taken, for there is a difference 
between them. Thus the square of the square does not occur 
in quantities either itself, or by accident, as an even or odd num- 
ber which might occur accidentally when we break it into its 
two parts. 

The books of the algebraists contain, out of these four geo- 
metrical relations, i.e., pure numbers, edges, squares, and cubes, 
three equations between the numbers, the edges, and squares. 
For our part, we shall mention the ways by which it is possible 
to find the unknown by equations involving the four powers; 
Le. the numbers, the thing, the square, and the cube:—and 
beyond which, we said, none (no power) could occur in 
quantities. And what may be proved by the properties of the 
circle, ie. by the two books of Euclid on the Elements and 


164 SCIENCE AND CIVILIZATION IN ISLAM 


on the Data we shall prove it and simplify it considerably; 
but what is not possible except by the properties of the conic 
sections, we shall prove by the two treatises on Conics. As for 
the proof in those cases where the subject of the problem is a 
pure number, we cannot solve it, neither can anyone who knows 
this art (of al-jabr). Perhaps someone else who comes after 
us may know it—except for the first three powers, which are 
the number, the thing, and the square; and I may point to 
numerical proofs of what can be proved in the book of Euclid. 
But observe that the proof of these methods by geometry is 
not a substitute for a proof by numbers (al-jabr) if the subject 
is a number and not a mensurable quantity. Do you not see 
that Euclid proved (the theorems about) proportional quantita- 
tive unknowns when their subject is a number, in Book VII? 
Equations between these four are either simple or compound. 

The simple equations are of six kinds; (a) a number equals 

a root; (b) a number equals a square; (c) a number equals a 
cube; (d) (so many) roots equal a square; (e) (so many) 
squares equal a cube; (f) (so many) roots equal a cube. Three 
of these six kinds are mentioned in the books of algebraists. 
'They said that the ratio of the things to the square is as the 
ratio of the square to the cube, whence it follows that equating 
the square to the cube is the same as equating the thing to the 
square; and also the ratio of the number to the square is as 
the ratio of the root to the cube, but they did not prove it 
geometrically. As for the case of the number equal to the 
cube, there is no way of extracting its edge except by calcula- 
tion; whereas in the case of the geometrical method, it cannot 
be solved except by conic sections. 
. As for the compound equations, they comprise either three 
or four terms. Those having three terms are of 12 kinds:— 
the first three (of these kinds) are: (a) square plus root equal 
to a number, (b) square plus the number equal to a root, (c) 
root plus number equal to a square. These three are mentioned 
in the books of the algebraists and are proved geometrically, 
but not from the standpoint of numbers (algebraically). The 
second three are: (a) a cube plus a square equal to a root, (b) 
cube plus root equal to a square, (c) cube equal to root plus 
square. 

The algebraists have said that these second three are pro- 
portional to the first three, each to its corrésponding one, i.e., 
a cube plus a root equal to a square is equivalent to a square 
plus a number equal to a root; and so on, for the other two; 
but they gave no proof in the case where the subject of the 
problems was mensurable. However, when the subject of the 
problems is a number, that is evident from the Book of Ele- 
ments, and I shall prove those of them which are geometrical. 
The remaining six of the 12 kinds are: (a) cube plus root 
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equal to a number, (b) cube plus a number equal to a root, (c) 
& number plus root equal to cube, (d) cube plus square equal 
to number, (e) cube plus a number equal to square, (f) a 
number plus a square equal to a cube. There is nothing in their 
books about these six kinds except a discourse on one of them, 
which is incomplete, and I shall explain that one and prove it 
geometrically, but not algebraically. It is impossible to prove 
these six except by the properties of conic sections. 

The compound equations having four terms are of two 
kinds; firstly, that in which three different powers together are 
equal to one, of which there are four cases—(a) cube plus 
square plus root equal to a number, (b) cube plus square plus 
number equal to a root, (c) cube plus root plus number equal 
to square, (d) a cube equal to root plus square plus number; 
secondly, that in which two powers are equal to two powers, 
of which are three cases—(a) cube plus square equal to root 
plus number, (b) cube plus root equal to square plus number, 
(c) cube plus number equal to root plus square. These are the 
seven cases of equations of four terms, and we cannot solve 
any of them except geometrically. 

Of our predecessors, one of them lacked one case of one 
kind which I shall mention; and the proof of these cases is 
effected only by the properties of conic sections. We shall men- 
tion these twenty-five cases one by one, and prove each, asking 
help from God, for he who depends on Him sincerely will be 
guided and satisfied. 

(I) In the first case of the simple equations, a root equal to 
a number, the root is necessarily known, and its application to 
numbers and areas is the same. 

(II) In the second case, where a number is equal to a square, 
the square is known numerically, for it equals a known num- 
ber (1); it is not possible to know its root numerically except 
by calculation, for anyone who knows that the root of 25 is 5 
knows it by calculation and not by any artificial formula, and 
one ignores what the pedants in this art say. The Hindus have 
their own methods for extracting the sides of squares and cubes 
based on a little calculation, which is the knowledge of the 
Squares of the 9 integers, i.e., the squares of 1, 2, and 3, etc. 
and of their products into each other, i.e., the product of 2 
With 3, etc. I have written a book to prove the validity of those 
methods and to show that they lead to the required solutions, 
and I have supplemented it with their kinds, i.e., finding the 
Sides of the square of the square, and thc square of the cube, 
. and the cube of the cube, however great they may be; and no 
one has done this before; and those proofs are only algebraic 
Proofs based on the algebraical parts of the book of Elements. 

The geometrical proof of the second case is as follows:—- 
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Draw the given line AB (Fig. 1) equal to the given number 
and AG equal to unity and perpendicular to AB. Complete the 
rectangle AD. It is known that the area of the surface AD is 
equal to that given number. We construct a square surface, 
which is the square H, equal in area to AD, as Euclid showed 
in Proposition 14, Book II. The square H is equal to the given 
number, which is known, whence its side also becomes known. 
Cf. the proof in Euclid. Q.E.D. Whenever we state in this 
treatise that a number equals a surface, we mean by the num- 
ber a surface with all its angles right angles and one side of 
unit length, the other side being equal to the given number. 
And each of the parts of the area is equal to the second side, 
ie., the side which we assumed equal to unity. 


TRINOMIAL EQUATION 


The first kind is a square plus 10 times its root equal to 39 
[x? plus 10x equals 39]. Multiply half (the coefficient of) the 
roots into itself, and add the result to the number (the 39). 
Subtract from the root of the number (obtained) half (the 
coefficient of) the roots. The remainder is the root of the 
square.5 As for the number it must fulfill two conditions: (i) 
that (the coefficient of) the roots must be even to have a half 
(integral), and (ii) the square of half (of she coefficient of) 
the roots, and the number, when added together, must be a 
perfect square; otherwise the problem is impossible algebra- 
ically. Geometrically, none of its problems is impossible at all, 
and the algebraical proof is easy when you picture to yourself 
the geometrical proof. 


S The modern algebraic explanation may be expressed as follows: x2 plus 
10x equals 39; 14 of 10 is 5 which squared eq 25; 25 plus 39 equals 64; 
V 64 equals 8; x equals 8 minus 5 equals 3. The negative root is discarded 
in mathematics until Descartes. (S. H. Nasr) 
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The geometrical proof is as follows: Construct the square 
AG so that together with 10 times its root it equals the num- 
ber 39. And 10 times its root is the area (rectangle) GH, so 
that the line DH is 10. Bisect it (DH) at Z. Since the line DH 
is bisected at Z and continues as AD, it is as if the product of 
AH with AD, which is equal to the area BH, when added to 

the square of DZ, were equal to the square of AZ. Now the 
" square of DZ, which (DZ) is half (the coefficient of) the roots, 

is known; and the area BH, which is the given number, is 
known. Hence the square of AZ becomes known, and when we 

subtract ZD from AZ, the line AD is known.® 7 


6The geometrical reasoning may be formulated as follows: 

AD equals AB equals x 

DH equals 10 

area of BH equals 39 

DZ equals ZH equals DH/2 

HA times AD plus (DZ)2 equals (ZA)2 (Euclid, Elements, II, 6) 
BH plus (DZ)2 equals (ZA)2 

BH and DZ are known, therefore ZA is known 

‘and (ZA minus ZD) equals AD equals x. (S. H. Nasr) 

? From the translation of H. J. J. Winter and W. ‘Arafat, "The Algebra 
9f Umar Khayyam,” Journal of the Royal Asiatic Society of Bengal, 
AVI, No. 1, pp. 28-35. Reprinted by permission of the Asiatic Society. 


CHAPTER SIX 


ASTRONOMY 


IN ASTRONOMY, the Muslims continued the tradition of 
Ptolemy, while making extensive use of the knowledge of 
the Persians and Indians. The first astronomers in Islam, 
who flourished during the second half of the second/eighth 
century in Baghdad, based their astronomical works essentially 
on Persian and Indian astronomical tables. The most important 
astronomical work that has survived from pre-Islamic Persia 
was the Zij-i Shahi or Zij-i Shahriyari (The Tables of the 
King) composed around A.D. 555, during the reign of 
the Sassanid king, Anüshirawan the Just, and itself based to 
a large extent on the astronomical theories and practices 
of the Indians. 

This work was to Sassanid astronomy what the Siddhantas 
were to the Indians, and the Almagest to the Greeks; it 
played the same important role in the formation of Islamic 
astronomy as did these latter sources. This text—which 
possessed several peculiar features, including the fact that 
it began the day at midnight, instead of at the usual noon- 
time—was translated into Arabic by Abwl-Hasan al-Tamimi, 
with a commentary by Abū Ma:shar (Albumasar), the most 
famous of Muslim astrologers. The Zij-i shahi was the basis 
of the astronomical activity of such famous astronomers as 
Ibn al-Naubakht and Mashéallah, who flourished during the 
reign of al-Mansür, and who assisted in making preliminary 
calculations for the founding of the city of Baghdad. Along 
with a few astrological treatises, in which the distinctly 
Sassanid emphasis upon Jupiter-Saturn conjunctions became 
transmitted to the Muslims, the Zij-i shahi represents the 
most important astronomical heritage of Sassanid Persia, and 
the earliest basis for the foundation of Islamic astronomy. 

With the first official astronomer of the Abbasids, Muham- 


168 


Astronomy 169 


mad al-Fazari, who died around 161/777, direct Indian 
influence became dominant. In 155/771 an Indian mission . 
came to Baghdad, to teach the Indian sciences and to aid 
the translation of texts into Arabic. A year or two later 
the zij of al-Fazàri appeared, based on the Siddhanta of 
rahmagupta. Al-Fazari also composed several astronomical 
ms, and was the first person in Islam to make an 
" astrolabe, which later became the characteristic instrument of 
slamic astronomy. His major work, which became known 
‘as the Great Siddhanta, remained the sole basis of astronom- 
jcal science until the time of al-Ma»mün, in the third/ ninth 
century. 
Also instrumental in introducing Indian astronomy into 
Islam was a contemporary of al-Fazàri, Ya:qüb ibn Tariq, 
who studied under an Indian master and became well versed 
in the subject. Mainly through the efforts of these two men, 
¿more than of all others, Indian astronomy and mathematics 
"entered the stream of Islamic science. Other Sanskrit works, 
especially the Siddhànta of Aryabhata, also became dissemi- 
ated at this time, remaining, along with the Persian works 
already cited, the authoritative source of astronomy until 
he time of al-Ma»mün, when Greek works were rendered 
into Arabic. 
During the extensive movement that took place under 
"al-Maxmün to translate foreign works into Arabic, basic 
Greek astronomical texts also became available, to a certain 
xtent replacing the Indian and Persian works that had 
monopolized the field until that time. The Almagest was 
‘translated several times, as were also the Tetrabiblos and 
the astronomical tables of Ptolemy, known as Canones 
procheiroi. 

With these and other translations from Greek and Syriac, 
the background for the rise of Islamic astronomy was pre- 
pared, and in the third/ninth century some of the greatest 
figures in the science appeared upon the scene. The early 
part of the century was dominated by Habash al-Hasib, 
under whose direction the *Ma»münic" tables were composed; 
al-Khwārazmī who, besides his important mathematical 
Writings, also left behind significant astronomical tables; and 
Abi Masshar. The latter figure is the Muslim astrologer most 
Often quoted in the West, his Great Introduction to Astrology 
being translated and printed several times in Latin. Also of 

e period of al-Ma»mün was al-Farghàni (Alfraganus), the 
*uthor of the well-known Elements of Astronomy. 

In the second half of the third/ninth century, the cultiva- 
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tion of astronomy continued its rapid pace. Al-Nairizj 
(Anaritius) commented on the Almagest, and wrote the 
most elaborate treatise ever composed in Arabic on the 
spherical astrolabe. His contemporary, Thabit ibn Qurrah, 
also played a major role in astronomy; he is especially famous 
for upholding the theory of the oscillatory motion of the 
equinoxes. To account for this trepidation, he added a ninth 
sphere to the eight of Ptolemaic astronomy, a feature 
adopted by most of the later Muslim astronomers. 

His compatriot al-Battàni, (or Albategnius), whom some 
authorities consider to be the greatest Muslim astronomer, 
soon followed Thabit ibn Qurrah, and continued his line 
of study, although rejecting the trepidation theory. Al-Battàni 
made some of the most accurate observations in the annals 
of Islamic astronomy. He discovered the increase of the 
sun’s apogee since the time of Ptolemy, which led to the 
discovery of the motion of the solar apsides. He determined 
the precession as 54.5" a year, and the inclination of the 
ecliptic as 23°35’. He also discovered a new: method for 
determining the time of the vision of the new moon, and 
made a detailed study of solar and lunar eclipses, used as 
late as the eighteenth century by Dunthorn, in his determi- 
nation of the gradual change in lunar motion. Al-BattánT's 
major astronomical work, which also contains a set of tables, 
became known in the West as De scientia stellarum (On the Sci- 
ence of Stars); it was one of the basic works of astronomy down 
to the Renaissance. It is not surprising that his works, in the edi- 
tion, translation and commentary of the noted Italian scholar, 
C. A. Nallino, have received a more careful study than the 
writings of any other Muslim astronomer during modern 
times. 

Astronomical observation was continued during the fourth/ 
tenth century by such figures as Abii Sahl al-Kühi and «Abd 
al-Rahman al-Süfi. The latter is particularly well-known for 
his Figures of the Stars, which G. Sarton, the outstanding 
historian of Islamic science, regards, along with the zijs of 
Ibn Yünus and Ulugh Beg, as one of the three greatest mas- 
terpieces of observational astronomy in Islam. This book, 
which gives a map of fixed stars with figures, was dissem- 
inated widely in both East and West; its manuscripts are 
among the most beautiful of the medieval scientific works. 
Also of this period is Abū Sa‘id al-Sijzi, who was particularly 
noted for constructing an astrolabe based on the motion of 
the earth around the sun, and the above-mentioned Abuw'l- 
Wafa> al-Buzjàni who, besides being one of the most notable 
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the Muslim mathematicians, was also an accomplished as- 
nomer. He wrote a simplified version of the Almagest, to 
itate the understanding of Ptolemy's work, and spoke of 
second part of the evection of the moon in such a man- 
as to lead the French scholar L. Am. Sédillot in the nine- 
»enth century to begin a long controversy on Abwl-Wafaá»'s 
apposed discovery of the third inequality of the moon. Cur- 
gent opinion, however, tends to discredit this thesis, and to 
“peinstate Tycho Brahe as its discoverer. o 
.. Finally one must cite, as a contemporary of AbwI-Wafi, 
"the Andalusian alchemist and astronomer, Abwl-Qàsim al- 
' Majriti, whose chief fame lies in his Hermetical and occult 
writings. Al-Majriti was also an accomplished astronomer, 
and wrote commentaries on the tables of Muhammad ibn 
. Mûsā al-Khwarazmi and the Planisphaerium of Ptolemy, as 
well as a treatise on the astrolabe. Also, it was he and his 
student al-Kirmàni who made the Epistles of the Brethren 
ef Purity known in Andalusia. 
` The fifth/eleventh century, which marks the apogee of ac- 
.tivity in the Islamic sciences, was also witness to the activity 
of several important astronomers, including al-Birüni, whose 
"determination of latitudes and longitudes, geodetic measure- 
ments, and several major astronomical calculations mark 
him among the outstanding figures in this field. Ibn Yünus, 
"who was the astronomer of the Fatimid court in Cairo, 
completed his Zij (the Hakimite Tables) in 397/1007, and 
fhus made an enduring contribution to Islamic astronomy. 
These tables, in which many constants were remeasured ac- 
curately, are among the most accurate to have been composed 
during the Islamic period. Ibn Yünus is for this reason con- 
sidered by some historians of science, such as Sarton, to have 
| been perhaps the most important Muslim astronomer, aside 
; from the fact that he was an accomplished mathematician, 
solved problems of spherical trigonometry by means of orthog- 
®nal projections, and was probably the first to study the iso- 
Metric oscillatory motion of a pendulum—an investigation 
Which later led to the construction of mechanical clocks. 
To the latter half of this century belongs the first outstand- 
ig Spanish observational astronomer, al-Zarqali. He invented 
& new astronomical instrument called sahifah (Saphaea Ar- 
fachelis), which became widely known; he is also credited 
With the explicit proof of the motion of the apogee of the 
Sun with respect to the fixed stars. His most important con- 
tribution, however, is the editing of the Toledan Zij, composed 
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with the aid of several other Muslim and Jewish scientists, 
and widely used by both the Latin and Muslim astronomers 
of later centuries. i 

Spanish astronomy after al-Zarqālī developed in an anti- 
Ptolemaic vein, in the sense that criticism began to be made 
of the epicyclic theory. In the sixth/twelfth century, Jābir ibn 
Aflah, who was also known as “Geber” in the West and was 
often mistaken for the famous alchemist, began to criticize 
the Ptolemaic planetary system. The philosophers, Avempace 
and Ibn Tufail (known to the Occident as Abubacer) also 
criticized Ptolemy. Avempace, under the influence of Aris- 
totelian cosmology, which was then becoming dominant in 
Andalusia, proposed a system based solely on eccentric cir- 
cles; Ibn Tufail is regarded as the author of a theory which 
was more fully developed by his student, the seventh/thir- 
teenth century al-Bitrüji (Alpetragius). This was an elaborate 
system of homocentric spheres, which has also been called 
the "theory of spiral motion," because in its view the planets 
appear to perform a kind of "spiral" movement. Although 
this newly proposed planetary system did not have any advan- 
tage over the Ptolemaic one, and was not accepted in its place, 
the criticisms brought against the Ptolemaic system by al-Bitrüji 
and the astronomers before him were used as effective instru- 
ments by the Renaissance astronomers against the age-old 
astronomy of Ptolemy. 

In the East also, a certain dissatisfaction with the Ptolemaic 
system went hand in hand with astronomical work based on 
his theory. The Sanjari Zij was composed in the sixth/twelfth 
century by al-Khazini, and was followed by the I/khanid Zij 
of the seventh/thirteenth century, which came as the fruit 
of observations at Maragha. But at the same time Nasir 
al-Din al-Tüsi, the chief astronomer at Maragha, also criti- 
cized Ptolemy severely. In his Memorial of Astronomy, 
al-Tüsi showed clearly his dissatisfaction with the Ptolemaic 
planetary theory. In fact, al-Tüsi proposed a new planetary 
model which was worked out to completion by his student, 
Qutb al-Din al-Shirazi. This new model sought to be more 
faithful to the concept of the spherical nature of the heavens 
than the Ptolemaic model by placing the earth at the geo- 
metric center of the heavenly spheres rather than at a dis- 
tance from the center as we find in Ptolemy. Al-Tüsi then 
conceived of two spheres rolling one within the other to ex- 
plain the apparent motion of the planets. That is why the 
American historian of Islamic mathematics, E. S. Kennedy, 
who discovered this planetary model, has named it the Tüsi 
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The Tüsi Couple 


FIGURE 3.1 


couple (see Figure 3), since it represents the sum of two mov- 
ing vectors. Al-Tüsi intended to calculate the details of this 
model for all the planets but apparently did not complete 
the process. It was left to his immediate student Qutb 
al-Din al-Shirazi to work out a variation of this model for 
Mercury, and to the eighth/fourteenth century Damascene 
astronomer Ibn al-Shatir to complete the lunar model in his 
A Text of the Final Inquiry in Amending the Elements. Ibn 
al-Shatir, going back to the Tüsi maodel, dispensed with the 
Ptolemaic eccentric deferent, and introduced a second epi- 
Cycle in both the solar and the lunar systems. The lunar 
theory proposed two centuries later by Copernicus is the 
same as that of Ibn al-Shatir, and it seems that Copernicus 
Was somehow acquainted with this late development of Is- 
ic astronomy, perhaps through a Byzantine translation. 


1I am indebted to Professor E. S. Kenraedy for having supplied this 
diagram. 
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All that is astronomically new in Copernicus can be found 
essentially in the school of al-Tüsi and his students. 

The tradition of Maragha was continued by al-Tüsi's im- 
mediate students, such as Qutb al-Din al-Shirazi and Muhyi 
al-Din al-Maghribi as well as by the astronomers assembled 
by Ulugh Beg in Samarkand, such as Ghiyath al-Din al-Kashani 
and Qüshchi. It even survived up to modern times in dif- 
ferent regions of the Islamic world, such as northern India, 
Persia and to a certain extent Morocco. Many commentaries 
were written on earlier works such as the commentary on the 
treatise of Qüshchi on astronomy by ‘Abd al-Hayy Lari in 
the eleventh/seventeenth century, which has been popular 
until modern times in Persia. 

This later tradition of Islamic astronomy continued to cor- 
rect the mathematical shortcomings of the Ptolemaic model, 
but it did-not break the bounds of the closed Ptolemaic sys- 
tem, which was so intimately tied to the medieval world view. 
It is true that many of the later Muslim astronomers criti- 
cized various aspects of Ptolemaic astronomy. It is also cer- 
tain that such astronomers as al-Birüni knew of the possibility 
of the motion of the earth around the sun, and even—as 
al-Birüni proposed, in his questions to Avicenna—the possi- 
bility of an elliptic rather than circular motion of the planets. 
But none of them did, nor could they, take the step to break 
with the traditional world view, as was to happen during the 
Renaissance in the West—because that would have meant 
not only a revolution in astronomy, but also an upheaval in 
the religious, philosophical and social domains. No one can 
overestimate the influence of the astronomical revolution 
upon the minds of men. And as long as the hierarchy of 
knowledge remained intact in Islam, and scientia continued 
to be cultivated in the bosom of sapientia, a certain “limita- 
tion" in the physical domain was accepted in order to pre- 
serve the freedom of expansion and realization in the spiritual 
domain. The wall of the cosmos was preserved, in order to 
guard the symbolic meaning which such a walled-in vision 
of the cosmos presented to most of mankind. It was as if 
the old scientists and scholars foresaw that the breaking of 
these walls would also destroy the symbolic content of the 
cosmos, and even obliterate the meaning of "cosmos" (lit- 
erally. order) for the great majority of men, for whom it is 
difficult to conceive of the sky as some incandescent matter 
whirling in space and at the same time as the throne of God. 
And so, despite all the technical possibility, the step toward 
breaking the traditional world view was not taken, and the 
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Muslims remained content with developing and perfecting 
the astronomical system that had been inherited from the 
Greeks, Indians, and Persians, and which had become fully 
integrated into the Islamic world view. 

The several new features of Islamic astronomy include, 
besides all the refinements made in the Ptolemaic system, the 
star catalogue of Ulugh Beg, which was the first new cata- 
logue since the time of Ptolemy, and the replacement of the 
calculus of chords by the calculus of sines and trigonometry. 
The Muslim astronomers also modified the general system of 
the Alexandrians in two important respects. The first modi- 
fication was to abolish the eight spheres which Ptolemy had 
hypothesized to communicate the diurnal movement to each 
of the heavens; the Muslims substituted a single starless 
heaven at the confines of the Universe, above the heaven of 
fixed stars, which in undergoing diurnal motion carried all 
the heavens with it. The second modification, which had a 
greater significance for the philosophy of the sciences, in- 
volved a change in the nature of the heavens. Among the 
many problems of astronomy those that were of particular 
interest to Muslim astronomers were the nature of the heav- 
enly bodies, planetary motion and the distance and size of 
the planets which were connected with calculations based on 
the mathematical models with which they worked. They were 
of course also interested in descriptive astronomy as seen in 
new star catalogues and fresh observations of the heavens. 


- 


A. The Nature of the Heavenly Spheres 


It is well known that, in the Almagest, Ptolemy had dealt 
with the heavenly spheres as purely geometrical forms, hy- 
pothesized in order to “save the phenomena.” He was thereby 
following the tradition of the Greek mathematical astrono- 


176 SCIENCE AND CIVILIZATION IN ISLAM 


mers, who were not concerned so much with the ultimate 
nature of the heavens as with the means of describing their 
motions according to mathematical laws. The Muslims, react- 
ing against this point of view, proceeded to "solidify" the 
Ptolemaic heavens, in conformity with the “realist” outlook 
of the Muslim mind, and following tendencies already present 
in the Hypotheses of the Planets, sometimes attributed to 
Ptolemy himself. The Muslims have always considered the 
role of natural science to be the discovery of those aspects of 
Reality represented in physical existence, rather than the 
creation of mental constructs to impose upon Nature, without 
their having a necessary correspondence to any aspects of 
Reality. The solidification of the abstract Ptolemaic heavens 
therefore represents a profound transformation of the mean- 
ing and role of the mathematical sciences in their dealing 
with Nature, an issue basic to the philosophy of the sciences. 

The tendency toward the “physical” interpretation of the 
heavens was already evident in the writings of the third/ 
ninth-century astronomer and mathematician, Thabit ibn 
Qurrah, especially in his treatise on the constitution of the 
heavens. Although the original of this treatise seems to have 
been lost, excerpts in the works of many later writers, in- 
cluding Maimonides and Albertus Magnus, indicate that 
Thabit ibn Qurrah had conceived of the heavens as solid 
spheres with a compressible fluid between the orbs and the 
eccentrics. 

This process of transforming the abstract heavens of the 
Greeks into solid bodies was continued by Alhazen, who 
is more famous for his studies in optics than for those in 
astronomy. Im his Resumé of Astronomy (although the orig- 
inal Arabic has been lost, Hebrew and Latin versions sur- 
vive), Alhazen describes the motion of the planets, not only 
in terms of eccentrics and epicycles, but also according to a 
physical model, which exercised a great influence upon the 
Christian world up to the time of Kepler. It is curious, how- 
ever, that the Muslim philosophers and scientists did not in 
general seem to recognize the implications of this solidifica- 
tion of the Ptolemaic heavens. The Andalusian Peripatetics, 
such as Ibn Tufail and Averroes, continued their attacks upon 
Ptolemaic astronomy in the name of Aristotelian physics, 
failing even to consider Alhazen’s work—perhaps because, 
as Duhem suggests, it would have weakened their argument. 
However, with the translation of Alhazen’s treatise into Span- 
ish, following the directive of Alfonso the Wise, the work 
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became instead an instrument of the Latin partisans of Ptol- 
emy in their defense against the attacks of the Peripatetics. 
In the Muslim world, too, it now came to be looked upon 
with favor by the astronomers; three centuries later, Nasir 
al-Din al-Tüsi was to compose a treatise on the heavens 
based on Alhazen's Resumé and closely following his ideas. 

In the Resumé of Astronomy, after criticizing those who 
interpret the heavens as merely abstract geometric forms, 
Alhazen writes: 


The movements of circles, and the fictitious point which 
Ptolemy has considered in a wholly abstract manner, we trans- 
fer to plane or spherical surfaces, which will be animated by 
the same movement. This is in fact a more exact representation; 
at the same time, it is more comprehensible to the intelli- 
gence. . . . Our demonstrations will be shorter than those in 
which use is made only of that ideal point and those fictitious 
circles. . . . We have examined the diverse movements pro- 
duced within the heavens in such a way as to make each of 
these movements correspond to the simple, continuous and 
unending movement of a spherical body. All these bodies, 
assigned thus to each of these movements, can be put into ac- 
tion simultaneously, without this action being contrary to their 
given position and without their encountering anything against 
which they could strike or which they could compress or 
shatter in any way. Moreover, these bodies in their motion will 
remain continuous with the interposed substance . . . 


In describing the heavens, Alhazen writes that, at the ex- 
tremity of the Universe, there is 


the really supreme heaven, which envelops all things and which 
is immediately contiguous with the sphere of fixed stars. On its 
own poles, which are the poles of the world, it turns rapidly 
from East to West carrying with it, by its motion, all the 
heavens of the different stars. . . . It is itself starless. 


As for the heaven of the fixed stars, it is 


a round globe, enclosed within two spherical surfaces, whose 
center is the center of this globe and of the world. The external 
surface of this globe is contiguous with the largest of the 
heavens, the one which encloses all the moving heavens, and 
involves them in its rapid movement; the internal surface of 
the same globe touches the orbit of Saturn. This heaven [of the 
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fixed stars] turns from the West to the East, according to the 
order of the signs on two fixed poles. Its movement is slow: 
during each hundred years it moves only one degree, while the 
whole circle is divided into three hundred and sixty degrees. 
The poles of this heaven are also the poles of the heaven of 
the signs [of the Zodiac], which the Sun traverses; Ptolemy, 
who discovered this by means of observations of the ancients 
and of his own, also mentions it. All the fixed stars are set in 
this heaven, and never change the position they occupy therein. 
Their mutual distances do not undergo any variations; rather, 
they always move together, according to the order of the signs 
and in accordance with the slow movement of their heavens. ... 

The spheres of the three upper planets—i.e., Saturn, Jupiter 
and Mars—are absolutely alike, both with regard to the num- 
ber of heavens of which they are composed, and the nature of 
the movement which animates them. . . . Each of these planets 
has its own sphere, which is determined by two spherical sur- 
faces, parallel to each other, whose common center is the center 
of the world; each sphere embraces the sphere immediately 
following it. The first heaven is that of Saturn, whose external 
surface is bounded by the sphere of the fixed stars, its internal 
surface by the sphere of Jupiter. Furthermore, the upper sur- 
face of the sphere of Jupiter touches the orb of Saturn; its 
inferior surface, the orb of Mars. Finally, the external surface 
of the sphere of Mars is contiguous with the sphere of Jupiter, 
.while its internal surface touches the orbit of the Sun. Each 
of these heavens moves with the same slow movement around 
poles placed on the same axis as the poles of the heaven of 
the signs. 

In each heaven there is contained an eccentric sphere, en- 
compassed by two surfaces with the same center as this sphere, 
which turns with a regular movement around two fixed poles 
in the direction in which the signs follow one another. This 
sphere is called the deferent orb. 

Between the two surfaces which form the boundary of this 
orb, there is enclosed a sphere . . . ; this sphere is named, in 
the case of each planet, for the epicycle of that planet. It 
moves in a circular path around its own center and two par- 
ticular poles. 

Finally, the substance of each of the three upper planets is 
set in the substance of its epicycle, and moves with its motion. 
When the deferent orb is in its motion, the sphere of the 
epicycle moves at the same time, and its center describes a 
fictitious circle, which also bears the name of deferent.? 


2 Pierre Duhem, Le systóme du monde 11 (Paris: Hermann, 1914), pp. 
122-124. Translated from the French by S. H. Nasr. 
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Nearly every Muslim astronomer, especially those con- 
cerned with mathematical astronomy, dealt with the problem 
of planetary motion. Few, however, treated it with such thor- 
oughness and rigor as al-Birüni. We have already had occa- 
sion to mention the name of al-Birüni as one of the most uni- 
versal Muslim scientists and scholars. In astronomy, as well 
as in physics and history, he made many major contributions. 
His Canon of al-Mas'üdi is the most important Muslim astro- 
nomical encyclopedia; it deals with astronomy, astronomical 
geography, and cartography, and with several branches of 
mathematics, drawing upon the writings of the Greeks, In- 
dians, Babylonians, and Persians, as well as of earlier Muslim 
authors, and also upon his own observations and measure- 
ments. Had this work been translated into Latin, it would 
surely have become as famous as the Canon of Avicenna. 
Writing during nearly the same period as Alhazen, al-Birüni 
described the motion of the planets in the manner of Ptolemy, 
putting the eccentric and epicyclic system into that very com- 
plex form for which medieval astronomy has become famous. 
This astronomical encyclopedia is the best evidence of the 
mental processes of the Muslim astronomical scientist, as he 
was trying to decipher the complex planetary motions in 
terms of the circles of the Pythagoreans—on the one hand, 
transforming the abstract geometric figures of the Greeks into 
concrete spheres, on the other hand preserving the idea of 
celestial harmony which had profoundly penetrated the spirit 
of the Greek gnostics, especially those of the school of 
Pythagoras. Here is al-Birünr's description of the motion of 
Mercury (Figure 4). 


In order to form a conception of [the motion of] Mercury 
in terms of what is like it, we place the deferent upon the 
center D, find the diameter ADAJ, and divide DH into three 
equal parts by KT. We draw the circle DHT upon the center 
K with the radius KT, this circle being the deferent for the 
center of the deferent circle. We say that the motion of Mer- 
cury is like that of the Moon in that it [the deferent] has no 
permanent position but moves discontinuously by reason of 
the motion of its center upon the circumference of the 
circle DHT, thus making a complete revolution in one 
year. 
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FIGURE 4. 


Let us suppose that the center of the epicycle is at 4, when 
the center of the deferent is at D. Then, as the center moves 
through HD, the location of the deferent goes through MB. 
The center of the epicycle moves about it [the deferent] con- 
tinuously in a motion equal to its motion, so that they both 
make their revolution in the same period of time. During this 
time, while the center of the deferent has gone through the 
arc DH, the center of the epicycle has reached point B. It is 
clear that it reaches the apogee M when line KM coincides 
with line KH, which event occurs in half a year. To reach the 
perigee, half of each half of AJ and JA is needed, so that the 
center of the epicycle of the Moon reaches the apogee of the 
deferent in twice the ratio. The epicyclic motion of Mercury, 
however, is not at the middle of the center of the deferent, but 
rather at point T which is between points K and H. 

We find the line TBZ and HB: so that the mean is at Z and 
the point of vision at <, In order for the above-mentioned mo- 
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tions to be equal, angles DKH and ATB must be equal. These 
two angles are the mean longitude, the angle AHB is the . 
average longitude and the angle TBH the adjustment of the 
Jongitude, more specifically the angle to be shared between them 
[the above angles]. The point T, which is to keep the orbit of 
Mercury even, is located between H, the center of the heaven 
of the signs of the Zodiac [the heaven of fixed stars], and K, 
the center of the [circle which is itself the] deferent for the 
center of the deferent circle, just as the center of the deferent 
for the four planets [Mars, Jupiter, Saturn and Venus] is located 
between A, the center of the heaven of the signs of the Zodiac, 
and the point where the orbit is even. 

From what we have said it becomes clear from the existence 
of this characteristic motion of the planets with regard to the 
motion of the Sun, that the center of the epicycle of each one 
of the inferior planets accompanies the Sun, and that they 
[the planets] cannot move farther away from the Sun, in any 
direction, than the radius of their epicycles. It has also become 
clear that the motion of each of the upper planets about its epi- 
cycle is equal to the sum of two motions—that of its own epi- 
cycle and that of the Sun—so that this motion forces their 
constant immersion [of these planets] behind the apex [the dis- 
appearance of the superior planets because of their nearness 
to the Sun]. It is possible for the planet to be located at any 
spherical dimension with respect to the Sun, because of the 
closeness of the motion of the center of the epicycle to the 
motion of the Sun, until it reaches the Sun, passes it by and 
then returns toward it. It is this motion [of the planets] in the 
heavens that brings about the harmony of the cosmos, witliout 
its Sustainer being evident. 

This motion appears to be accidental, because of our own 
vision of it. And it is for this reason that if it were to happen 
[by accident] that the center of the heaven of the apogee of the 
Sun Z were to be placed upon a line crossing H, the center of 
the heaven of the signs of the Zodiac, and T, the point of the 
evenness of the orbit, and then the center of the epicycle were 
to be placed at A (the apogee) or J (the perigee), the planet 
would become immersed at the apex K upon reaching the line 
which is the limit of the position of the mean Sun with regard 
to it. Likewise, for one of the lower planets, the point M would 
become the place of immersion, while for one of the upper 
planets, it would be the place of opposition to the position of 
the mean Sun. The apogee of the Sun, however, does not coin- 
cide with the apogee of any of the planets.3 


3 ALBirünt, Qanün al-Mas-üdi (Hyderabad: Dairat >ul-Ma‘arif-il-Os- 
mania, 1956), III, pp. 1163-1166. Translated by S. H. Nasr. 
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C. The Distance and Size of the Planets 


Another question which occupied a central position in 
Muslim astronomy was the size of the cosmos and the 
planets. Of the several attempts made by Muslim astronomers 
to give the distance and size of the planets, none became 
as well known as that of al-Farghàni, the third/ninth-century 
astronomer from Transoxiana. His Elements of Astronomy 
was translated into Latin, and the distances given in it be. 
came universally accepted in the West up to the time of 
Copernicus. In determining the distances of the planets, al- 
Farghani followed the theory that there is no “wasted space" 
in the universe—that is, that the apogee of one planet is 
tangent to the perigee of the next. As al-Farghàni writes, in 
the Elements of Astronomy: 


After having enumerated the stars according to their diverse 
orders, we now give the measurements of their distances to 
the Earth. In his book, Ptolemy has given us only the distances 
of the Sun and the Moon to the Earth; we do not find him 
speaking, however, about the distance of the other stars. He 
was satisfied with saying what we have already said, regarding 
the distances from the centers of the orbits to the center of the 
Earth, and the magnitudes of the orders of revolution (of the 
epicycles). Having assumed that the greatest distance from 
the Earth to the two circles of the Moon—i.e., to the eccentric 
and the epicycle—was equal to the least distance from Mer- 
cury to the Earth, we used the relation that we had determined, 
and went on to repeat the same operation for Venus and Mer- 
cury. We found that the greatest distance from the Earth to 
the two orbits of Venus coincided with the shortest distance 
from the Sun, as determined by Ptolemy. We have determined 
in that way that there is no void between the heavens. We have 
subsequently performed the same operation for the other stars 
until we reached the heaven of the fixed stars, whose center 
is the center of the Earth.* 


We outline below the table of planetary distances and sizes 
given by al-Farghani and compare them with those calcu- 
lated by modern astronomers, so as to give an idea of the 
dimensions of the finite and limited cosmos of the medieval 
world, by comparison with those found in the modern con- 
ception of the planetary system. The distances which al- 


4 Duhem, op. cit., p. 45. 
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Farghàni gives for the apogee and perigee of each planet in 
the epicyclic system correspond to the eccentricities of the 
ellipses in modern astronomy. 


Al-Farghàni's determination Modern determination in 
in millions of English miles? millions of English miles 


volume in volume in 
ratio to ratio to 
Planet perigeeapogee Earth's closest farthest Earth's 


MOON .134 .256 | .026 221  .252 .0204 
MERCURY  .256 .666  .000031 50. 136. 055 
‘VENUS 666 4.47 .027 26. 160. .87 
SUN 447 447 166. 91.4 94.4 1300000. 
MARS 447 354 1.63 35. 234. 14 
JUPITER 35.4 57.5 95. 370. 580. 1355. 
SATURN 57.5 80.2 90. 744. 1028. 800. 


5Ibid., p. 49. Duhem has followed al-Farghani and given distances in 
terms of the Earth's radii. For the value of the radius of the Earth, he 
‘gives 3,250 Arabic miles—which, according to Nallino, the foremost 

estern authority on Islamic astronomy, is equal to about 6,410,000 
meters or 3,990 English miles. Here, they have been converted into miles. 


CHAPTER SEVEN 


MEDICINE 


ISLAMIC MEDICINE is one of the most famous and best 
known facets of Islamic civilization, being one of the 
branches of science in which the Muslims most excelled. Not 
only during the Middle Ages were the Muslim physicians 
studied seriously in the West, but even during the Renaissance 
and the eleventh/seventeenth century their teachings continued 
to carry weight in Western medical circles. It was in fact only 
a century ago that the study of Islamic medicine was com- 
pletely omitted from the curriculum of medical schools through- 
out the Occidental world. In the East, despite the rapid spread 
of Western medical education, Islamic medicine continues to 
be studied and practiced, and is far from being merely of his- 
torical interest. - : 

This school of medicine, which came into being early in 
the history of Islam, is of great significance not only for its 
intrinsic value, but also because it has always been closely 
allied with the other sciences, and especially with philosophy. 
The wise man or hakim, who has been throughout Islam’s 
history the central figure in the propagation and transmission 
of the sciences, has usually also been a physician. The rela- 
tionship between the two is in fact so close that both the 
sage and the physician are called hakim; many of the best- 
known philosophers and scientists in Islam, such as Avicenna 
and Averroes, were also physicians, and made their livelihood 
through the practice of the medical art. (The same thing 
holds true, incidentally, for the Jewish philosophers, such as 
Maimonides who, besides being a great thinker, was also the 
physician to Saladin.) i 

This close relationship between the philosopher-sage and 
the physician had much influence upon the position which 
the practitioner of the medical art occupied in Islamic society, 
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and the conception that the community had of him. The 
physician was in general expected to be a man of virtuous . 
character, who combined scientific acumen with moral quali- 
ties, and whose intellectual power was never divorced from 
deep religious faith and reliance upon God. In his Four Dis- 
"courses, Which is one of the most reliable sources for the 
scientific and literary activities in medieval Islam, Nizàmi-i 
cArudi of Samarkand, who flourished in the sixth/ twelfth 
century, describes what was expected of the physician in the 
following terms: 


The physician should be of tender disposition and wise na- 
ture, excelling in acumen, this being a nimbleness of mind in 
forming correct views, that is to say a rapid transition to the 
unknown from the known. And no physician can be of tender 
disposition if he fails to recognize the nobility of the human 
soul; nor of wise nature unless he is acquainted with Logic, 
nor can he excel in acumen unless he be strengthened by God's 
aid; and he who is not acute in conjecture will not arrive at a 
correct understanding of any ailment, for he must derive his 
indications from the pulse, which has a systole, a diastole, and 
a pause intervening between these two movements. 

Now here there is a difference of opinion amongst physicians, 
one school maintaining that it is impossible by palpation to 
gauge the movement of contraction; but that most accom- 
plished of the moderns, that Proof of the Truth Abi <Ali 
al-Husayn ibn ‘Abdullah ibn Sind (Avicenna), says in his 
book the Qànün that the movement of contraction also can be 
gauged, though with difficulty, in thin subjects. Moreover the 
pulse is of ten sorts, each of which is divided into three subordi- 
nate varieties, namely its two extremes and its mean; but, un- 
less the Divine guidance assist the physician in his search for 
the truth, his thought will not hit the mark. So also in the 
inspection of the urine, the observing of its colours and sedi- 
ments, and the deducing of some special condition from each 
colour are no easy matters; for all these indications depend 
on Divine help and Royal patronage. This quality [of discern- 
ment] is that which we have indicated under the name of acu- 
men. And unless the physician knows Logic, and understands 
the meaning of genus and species, he cannot discriminate be- 
tween that which appertains to the category, that which is 
peculiar to the individual, and that which is accidental, and 
so will not recognize the cause [of the disease]. And, failing to 
recognize the cause, he cannot succeed in his treatment. But 
let us now give an illustration, so that it may be known that 
it is as we say. Disease is the genus; fever, headache, cold, 
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delirium, measles and jaundice are the species, each of which 
is distinguished from the others by a diagnostic sign, and in 
turn itself constitutes a genus. For example, “Fever” is the 
genus, wherein quotidian, tertian, double tertian and quartan 
are the species, each of which is distinguished from the other 
by a special diagnostic sign. Thus, for instance, quotidian is 
distinguished from other fevers by the fact that the longest 
period thereof is a day and a night, and that in it there is no 
languor, heaviness, lassitude, nor pain. Again inflammatory 
fever is distinguished from other fevers by the fact that when 
it attacks it does not abate for several days; while tertian is 
distinguished by the fact that it comes one day and not the 
next; and double tertian by this, that one day it comes with 
a higher temperature and a shorter interval, and another day 
in a milder form with a longer interval; while lastly quartan 
is distinguished by the fact that it attacks one day, does not 
recur on the second and third days, but comes again on the 
fourth. Each of these in turn becomes a genus comprising 
several species; and if the physician be versed in Logic and 
possessed of acumen and knows which fever it is, what the 
materies morbi is, and whether it is simple or compound, he 
can then at once proceed to treat it. But if he fail to recognize 
the disease, then let him turn to God and seek help from Him; 
and so likewise, if he fail in his treatment, let him have re- 
course to God and seek help from Him, seeing that all issues 
are in His hands.1 


Despite the high position that the physician occupied, and 
the dignity in which his office was held, it must not be 
thought that everyone in the Islamic world had complete faith 
in the medical art. Many, especially among the Arabs, con- 
tinued to be distrustful of this art (which had been, after all, 
adopted from foreign sources), and remained skeptical of 
the power of the physician to cure the illnesses of the body. 
The following poem, composed in 243/857 upon the death 
of Yuhannà ibn Masawaih who was one of the most famous 
among the early physicians in Islam, bears testimony to the 
skepticism of many who refused to take the claims of the 
doctors seriously: 


Verily the physician, with his physic and his drugs, 
Cannot avert a summons that hath come. 


1From Nizàmi-i «Aridi, Chahár Magüla, translated by E. G. Browne 
fei W. CD MESE Series, Vol. XI, 2. London: Luzac and Co. 
» Pp. . 
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What ails the physician that he dies of the disease 

Which he used to cure in time gone by? 

There died alike he who administered the drug, and he who 
took the drug, 

And he who imported and sold the drug, and he who bought it.? 


In opposition to such a skeptical view, however, there were 
also those who eagerly accepted the claims of the medical art, 
and had respect for its practitioners. Even among the Arabs 
themselves, who during the early centuries were usually less 
favorably inclined toward this art than were the Persians, 
Christians, or Jews, medicine became integrated into the tex- 
ture of their language. They began to speak of it in their 
daily life, and soon created an excellent technical vocabulary 
for terms of Greek, and also of Pahlavi and Sanskrit origin, 
which greatly facilitated the study of medicine in Arabic. 
The concern with various medical questions in daily life 
became in fact so great that many Arab poets wrote verses 
about medical subjects. The beautiful poem on fever by al- 
Mutanabbi, the celebrated Arab poet, who was attacked by 
fever in Egypt in 348/960, bears testimony to the penetration 
of medical ideas into Islamic culture. Comparing fever to a 
young woman who visits the poet only under the cover of 
night, al-Mutanabbi writes: 


And it is as though she who visits me were filled with modesty, 

For she does not pay her visits save under cover of darkness. 

I freely offered her my linen and my pillows, 

But she refused them, and spent the night in my bones. 

My skin is too contracted to contain both my breath and her, 

So she relaxes it with all sorts of sickness. 

When she leaves me, she washes me [with perspiration] 

As though we had retired apart for some forbidden action. 

It is as though the morning drives her away, 

And her lachrymal ducts are flooded in their four channels. 

I watch for her time [of arrival] without desire, 

Yet with the watchfulness of the eager lover. 

And she is ever faithful to her appointed time, but faithfulness 
is an evil 

When it casts thee into grievous sufferings.? 


1921). Browne, Arabian Medicine (London: Cambridge University Press, 
» P. 


3 Ibid., p. 31. 
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A. The Historical Background of Islamic 
Medicine 


Islamic medicine came into being as a result of the integra- 
tion of the Hippocratic and Galenic traditions of Greek medi. 
cine with the theories and practices of the Persians and 
Indians, within the general context of Islam. It is therefore 
synthetic in nature, combining the observational and concrete 
approach of the Hippocratic school with the theoretical and 
philosophical method of Galen, and adding to the already vast 
storehouse of Greek medical knowledge the theories and 
experiences of the Persian and Indian physicians, especially 
in pharmacology. Furthermore, Islamic medicine remained 
for the most part closely allied to alchemy, seeking—as did 
Hermetic and Stoic physics—the concrete causes for individ- 
ual phenomena rather than the general causes sought by the 
Peripatetic *natural philosophy." In this manner, it also re- 
tained its ties with numerical and astrological symbolism, 
which had already become an important element of Alexan- 
drian Hermeticism before the rise of Islam. 


1. JUNDISHAPUR 


The link between Islamic medicine and the older schools is 
to be found in the school of Jundishapur, which must be re- 
garded as the most vital organic connection between the Is- 
lamic and earlier traditions of medicine. Jundishapur, whose 
site lies near the present Persian city of Ahwaz, has an 
ancient history, reaching back to prehistoric times when it 
was called Genta Shapirta, or “The Beautiful Garden.” The 
city was refounded at the end of the third century by Shapir 
I, the second Sassanid king, shortly after he defeated the Byz- 
antine emperor Valerian and conquered Antioch. The Per- 
sian monarch sought to make the city a center of learning to 
rival and even surpass Antioch, and therefore named it Veh- 
az-Andev-i Shüpür, that is, “Shapir’s better than Antioch.” 
The name “Jundishapur,” by which the city became famous 
during the Islamic period, is most likely a simplification of 
the name given to it by Shápür, while at the same time it 
resembles the earlier name mentioned above. 
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Jundishapur rapidly became a major center of learning, 
especially of Hippocratic medicine. It became further . 
strengthened after A.D. 489, when the school of Edessa was 
osed by order of the Byzantine emperor, and its physicians 
“took refuge in that city. Shapür II enlarged Jundishapur and 
ounded a regular university there, in which several schools 
f medicine met. It was here that Nestorian physicians taught 
and practiced Greek medicine, while Zoroastrian ideas and 
the local Persian medical practice continued to exert much in- 
fluence; it was also here that the last philosophers and scientists 
‘of Athens took refuge when, in A.D. 529, Justinian ordered 
‘the school of Athens to be closed. 
Moreover, the influence of Indian medicine gradually 
began to make itself felt in Jundishapur, especially during the 
sixth century, under the reign of Anishirawan the Just, who 
‘sent his vizier Burzüyah (or “Perzoes”) to India to learn the 
sciences of the Indians. Burziiyah brought back to Persia not 
f only the Fables of Bidpai, but also a knowledge of Indian 
"medicine, along with several Indian physicians. A book titled 
Wisdom of the Indians, translated from Arabic into Greek 
by Simeon of Antioch in 462/1070, is ascribed to him. 
The interest of Burzüyah in Indian medicine, which was 
to play such an important role in its introduction into Persia, 
is mentioned in the preface to the Fables of Bidpai, which 
contains the autobiography of this Sassanid vizier. 


My father [writes Burzüyah] belonged to the soldier class; 
my mother was the daughter of a family of distinguished 
priests. One of the first favours that God gave to me was that 
I was the favourite child and that I received a better education 
than my brothers. My parents sent me when I was seven to an 
elementary school. As soon as I could write well, I returned 
thanks to my parents. Then I took up science. The first branch 
Of science that attracted me was Medicine. It interested me so 
much because I knew how excellent it was. The more I learnt 
of it, the more I liked it and the more eagerly I studied it. As 
soon as I had reached such a degree of proficiency that I could 
think of treating patients, I began to deliberate within myself. 
For I observed that there were four things to which men aspire. 
Which of these ought I to aim at— money, prosperity, fame, 
or a heavenly reward? What decided my choice was the obser- 
vation that all intelligent persons praise Medicine and that no 
Religion condemns it. I also used to read in medical books that 
the best doctor is the one who gives himself over to his pro- 
fession and only seeks a reward in the hereafter. So I deter- 
mined to follow this lead and to aim at no earthly gain lest 
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I be like a merchant who sells for a valueless bauble a ruby by 
which he might have gained all the riches of the world. 

I also read in the works of the ancients that if a physician 
aspire to gain through his art a reward in the hereafter, he will 
nevertheless not lose his share in this world's goods. Thus he 
resembles a sower who carefully scatters his barley grain in 
his field and for whom there springs up together with the barley 
all sorts of useful herbs. 

So then, with the hope of a reward in the hereafter I set to 
work to treat the sick. I exerted myself in the treatment of 
patients whom I expected to cure. And no less did I strive in 
those cases where I could not hope to effect a cure. In such 
cases I tried at the least to make their sufferings more bearable. 
Whenever I could I used to attend in person to my cases. When 
this was impossible, I would write out for them the necessary 
prescriptions and give them medicines. From no one whom 
I treated did I demand any fee or any sort of reward. And 
none of my colleagues did I envy who equalled me in knowl- 
edge and surpassed me in fame or fortune, if he was lax in his 
standards of honesty or in word or deed.* 


The school of Jundishapur thus became the meeting ground 
for Greek, Persian and Indian medicine. Its activities con- 
tinued to expand, and there, in a cosmopolitan and free at- 
mosphere, a new school came into being, which was a 
synthesis of the various medical traditions. The school of 
Jundishapur was at the height of its career at the beginning 
of the Islamic era, and flourished well into the Abbasid pe- 
riod, when its physicians were slowly brought to Baghdad. As 
late as the eighth/fourteenth century, Muslim travelers and 
geographers spoke of the city as a prosperous one, even 
though its scientific activity had already been transferred else- 
where. And today, on the site of the old city, there stands 
the village of Shahabad, which bears testimony to the exist- 
ence of a once thriving metropolis, the seat for several cen- 
turies of the most important medical center of Western Asia, 
and the most direct bridge between Islamic and pre-Islamic 
medicine. 


4 From the Fables of Bidpai in C. E. Elgood, A Medical History of Persia 
and the Eastern Caliphate from the Earliest Times to. the Year A.D. 1932 
(London: Cambridge University Press, 1951), pp. 52—53. This book con- 
tains an excellent history of medicine in the eastern lands of Islam, and 
especially of the school of Jundishapur, which I have used extensively in 
writing this section. 
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At the beginning of the Islamic period, Greek medicine 
continued to be practiced in Alexandria, once the greatest 
center of Hellenistic science. This school, which combined 
Egyptian theories and practices with those of the Greeks, had 
ceased to produce any outstanding medical figures for some 
time before the advent of Islam; as far as practice was con- 
cerned, however, there seems to be every indication that Hel- 
lenistic medicine was still alive when the Muslims conquered 
Egypt in the first/seventh century. In this connection, tradi- 
tional Islamic sources speak particularly of John the Gram- 
marian, a Jacobite bishop of Alexandria, who was held in 
high esteem by ‘Amr ibn al-<As, the conqueror of Egypt. 
(This John must not, however, be confused with the philoso- 
pher John Philoponus, who is also called "the Grammarian." 
The latter, whose criticism of certain theses of the Aristo- 
telian theory of motion was well known to the Muslim phi- 
losophers, flourished a century earlier; he is not particularly 
famous for medical knowledge.) 

Whatever may have been the extent of the vitality of 
Graeco-Egyptian medical practice in Alexandria, there is no 
doubt that, through the physicians of that city, and also 
through the medical works, which still survived in its libraries, 
the Muslims made some acquaintance with Greek medicine. 
Many of the most frequently cited Greek authorities—such as 
Hippocrates, Galen, Rufus of Ephesus, Paul of Aegina, and 
ioscorides—as far as materia medica was concerned—prob- 
ably became first known to the Muslims through Alexandria. 
Moreover, the well-authenticated accounts of the Umayyad 
Prince, Khalid ibn Yazid, who went to Alexandria to master 
alchemy, and who was responsible for the first translations of 
Greek texts into Arabic, bear witness to the existence of 
Some kind of tradition of learning in Alexandria at that time, 
although it is certain that whatever survived in that period 
Could not in any way compare with the school of a few cen- 
turies earlier. Similarly, the famous library of Alexandria 
Whose burning has been erroneously attributed by many 
Western scholars to the caliph, ‘Umar, had been for the most 
Part destroyed long before the advent of Islam. In any case, 

Te is little doubt that the Muslims made some kind of 
Contact with Greek medicine in Alexandria, although this 
Contact was of much less significance than that made at 
dishapur, where the medical school was at the height of 
its activity during the early Islamic period. 


; 
: 


192 SCIENCE AND CIVILIZATION IN ISLAM 


3. MEDICINE OF THE PROPHET 


The Arabs who, under the banner of Islam, conquered 
both Alexandria and Jundishapur and thus gained mastery 
over the main centers of science and medicine, also had a 
simple medicine of their own, which did not undergo any 
immediate change with the coming of Islam, but had to wait 
until the second/eighth century to become transformed by 
Greek medicine. The first Arab physician whose name is re- 
corded by later chronicles is al-Harith ibn Kaladah, who was 
a contemporary of the Prophet, and had studied medicine at 
Jundishapur. The Arabs of his day, however, remained for 
the most part skeptical about this foreign form of medicine. 
Of much greater significance to them were the sayings of the 
Prophet with regard to medicine, hygiene, diet, etc., which 
they heartily accepted and followed, with all the ardent faith 
that characterized the early Muslim generations. 

Islam, as a guide for all facets of human life, had also to 
concern itself with the more general principles of medicine 
and hygiene. There are several verses of the Quran in which 
medical questions of a very general order are discussed; 
there are also many sayings of the Prophet dealing with 
health, sickness, hygiene, and other questions pertaining fo 
the field of medicine. Such diseases as leprosy, pleurisy, and 
ophthalmia are mentioned; remedies such as cupping, cautery 
and the use of honey are proposed. This body of sayings on 
medical questions was systematized by later Muslim writers, 
and became known as Medicine of the Prophet (Tibb al-Nabi). 
The beginning of the fourth volume of the collection of 
prophetic traditions of Bukhari which is one of the most 
authoritative sources of its kind, consists of two books in 
which are collected, in 80 chapters, the sayings about illness, 
its treatment, the sick, etc. There are also other medical 
books of a religious nature, especially the medical work at- 
tributed to the sixth Shiite imam, Ja‘far al-Sadiq. 

Since all the sayings of the Prophet are guideposts for the 
life of the devout Muslim, these latter sayings, even though 
they do not contain an explicit system of medicine, have 
played a major role in determining the general atmosphere 1n 
which Islamic medicine has come to be practiced. Their 
guidance has been followed over the centuries by every suc- 
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ceeding generation of Muslims; they have determined many 
of the Muslims' dietary and hygienic habits. Moreover, The 
Medicine of the Prophet became the first book to be studied by 
‘a medical student, before he undertook the task of mastering 
the usual compendia of medical science. It has thus always 
played an important role in creating the frame of mind with 
which the future physician has undertaken the study of 
medicine. 


THE TRANSLATORS AND THE BEGINNINGS OF 
ISLAMIC MEDICINE 


The first direct influence of Jundishapur in Islamic circles 
occurred in 148/765, when the second Abbasid caliph, the 
ounder of the city of Baghdad, al-Mansür, who had been 
“suffering from dyspepsia for many years, sought the aid of 
;, the physicians of Jundishapur. For some time, the hospital 
nd medical center of that city had been headed by Jirjis 
Bukhtyishü* (a Syriac name, meaning “Jesus has saved”), 
the first famous physician of a family which was to become 
one of the most important medical families in the Muslim 
world, whose members continued to be prominent physicians 
as late as the fifth/eleventh century. The reputation of Jirjis 
as a competent doctor had already reached the ears of the 
aliph, who asked that this Christian physician be brought 
to his court. The successful treatment of the caliph by Jirjis 
"was the beginning of a process which eventually transferred 
the medical center of Jundishapur to Baghdad, and laid the 
groundwork for the appearance of the first well-known Mus- 

physicians. Toward the end of his life, Jirjis returned to 
undishapur to die in the native city of his ancestors. His stu- 
dents, as well as his descendants, however, went back to 
aghdad, thus forming the organic link between this school 
‘and the first medical centers in the Abbasid capital. 

Another medical family which originated in Jundishapur 
and later came to Baghdad, and which matches the Bukht- 
yishü: family in importance, is that of Masawaih (or Mäsū- 

» in its Persian pronunciation). The head of this family, 
asawaih, was an uneducated physician and pharmacologist, 
ho spent thirty years gaining medical experience in the dis- 
Pensary of the hospital at Jundishapur. When he was forced 
9 resign, he went to Baghdad to seek his fortune in that 

Briving capital. Here, he became a celebrated ophthalmolo- 
"Bist, and the private physician of the vizier of Hàrün al- 
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Rashid. His three sons became physicians also; among them, 
Yuhanna ibn Màsawaih (the Latin “Mesue Senior" or "Janus 
Damascus") must be regarded as one of the important physi- 
cians of this period. Ibn Máàsawaih, the author of the first 
ophthalmological treatise in Arabic, became the most cele- 
brated physician of his day. His sharp tongue, rebellious na- 
ture, and skepticism toward Christianity—to which he for- 
mally adhered—created many enemies against him, but he 
succeeded, through his unrivaled mastery of the medical art, 
in preserving his eminent position until his death in 243/857, 

The medieval West also knew another figure by the name 
of Mesue (called “Junior,” to distinguish him from the older 
Mesue). Although the pharmacological and medical works 
attributed to Mesue Junior—such as the Grabadin—were 
among the most widely read works of their kind in the Latin 
world, little is known of the real identity of this figure, whom 
the medieval Latinists referred to as pharmacopoeorum evan- 
gelista. John Leo the African writes that he was born in a 
village in Iraq called Marind, and is therefore named Masawaih 
al-Marindi. Some modern scholars have even doubted his ex- 
istence; others, such as C. Elgood, whose masterly study of 
Islamic medicine marks him as one of the most competent 
authorities in this field, believe that he may have been the 
same person as Mesue Senior. Whatever the origin of this 
figure, his work at least, added to those of Mesue Senior, have 
helped to make the name of Mesue among the most famous 
in the Western image of Islamic medicine. 

The early translators of medical texts into Arabic, like the 
early physicians, were mostly Christians and Jews. The first 
translation known to be made into Arabic appears in the 
Pandects of an Alexandrian priest named Ahrün; it was made 
by a Jewish scholar from Basra known to the Occident as 
Masarjoyah, who lived during the Umayyad period. This 
work has been held in high esteem by most of the later 
medical authorities, and the name of this first translator of 
medical texts became famous in later works on medical 
history. 

The interest in Greek learning, which had been gradually 
rising during the latter part of the Umayyad rule, assumed 
unprecedented proportions during the Abbasid period when, 
as we have seen in a previous chapter, a concerted effort was 
made on the part of the government and of influential indi- 
viduals to have translations made into Arabic. During the 
early years of Abbasid rule, Ibn Muqaffa: began his transla- 
tions of medical texts from Pahlavi into Arabic, to be fol- 
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lowed a generation later by Mesue Senior. Especially im- 
rtant among the private patrons of this movement were 
the members of the Barmacid family, who were the viziers of 
the Abbasids. It was Yahyà, the Barmacid, who engaged the 
Indian physician Mikna to translate works on Indian medicine 
? jnto Arabic; one of them, named Sarat, still survives. 
The greatest of all the translators of this period, however, 
. was Hunain ibn Ishàq, or Johannitus Onan, as the medieval 
West knew him. Hunain was not only a very competent 
translator; he was also one of the outstanding physicians of 
his day. His medical pursuits took him to Jundishapur, where 
he studied with Ibn Masawaih. The latter was, however, dis- 
appointed with him, and tried to discourage him from con- 
tinuing his medical studies. Without losing heart, he went on 
to master the subject, and to become one of the important 
figures in the formation of the Islamic sciences at this time. 
Aided by his nephew Hubaish and his son Ishaq, Hunain 
often translated texts from Greek into Syriac, leaving the 
translation from Syriac into Arabic to his students, and espe- 
cially to Hubaish. At those times, he would check the final 
. translation, and compare it with the original Greek himself. 
` At other times, he would translate directly from Greek into 
| Arabic. In this way, Hunain and his school made a large 
number of excellent translations, including 95 works of Galen 
into Syriac, and 99 into Arabic. There were other famous 
translators, such as Thabit ibn Qurrah, mathematician from 
Harran or Hellenopolis, who also translated and wrote several 
medical works, of which the Treasury is the best known. Yet 
none of these figures can match Hunain, whose mastery as 
both translator and physician entitles him to be regarded as 
one of the basic figures of the history of Islamic medicine. 


[ B. Medicine during the Early Centuries 


With medical texts of Greek, Pahlavi, and Sanskrit origin 
| translated into Arabic, and a sound technical vocabulary 
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firmly established, the ground was prepared for the appear- 
ance of those few giants whose works have dominated Is- 
lamic medicine ever since. The author of the first major work 
of Islamic medicine was «Ali ibn Rabbàn al-Tabari, a convert 
to Islam, who wrote his Paradise of Wisdom (Firdaus al-hik. 
mah) in 236/850. The author, who was also the teacher of 
Rhazes, drew mainly upon the teachings of Hippocrates and 
Galen, and also upon Ibn Masawaih and Hunain. In 360 
chapters, he summarized the various branches of medicine, 
devoting the last discourse, which consists of 36 chapters, to 
a study of Indian medicine. The work, the first large com- 
pendium of its kind in Islam, is of particular value in the 
fields of pathology, pharmacology, and diet, and clearly dis- 
plays the synthetic nature of this new school of medicine, 
now coming into being. 

Al-Tabari’s student, Rhazes, was without doubt the greatest 
clinical and observational physician of Islam, and along with 
Avicenna, the most influential, both East and West. We shall 
have occasion to discuss him further in the later chapter on 
alchemy; here we concern ourselves with his medical achieve- 
ments, the major cause for his fame. Attracted late in life to 
medicine, Rhazes became the director of the hospital in his 
native city of Rai, and later the director-in-chief of the main 
hospital at Baghdad. He thus gained much practical] experi- 
ence, which played no small part in making him the greatest 
clinician of the medieval period. 

The skill of Rhazes in prognosis, and his analysis of the 
symptoms of a disease, its manner of treatment and cure, 
have made his case studies celebrated among later physicians. 
Rhazes himself recorded some of the more unusual cases he 
encountered during his medical practice; of these, the follow- 
ing is one example: 


Abdullah ibn Sawada used to suffer from attacks of mixed 
fever, sometimes quotidian, sometimes tertian, sometimes 
quartan, and sometimes recurring once in six days. These at- 
tacks were preceded by a slight rigor, and micturition was very 
frequent. I gave it as my opinion that either these accesses of 
fever would turn into quartan, or that there was ulceration of 
the kidneys. Only a short time elapsed ere the patient passed 
pus in his urine. I thereupon informed him that these feverish 
attacks would not recur, and so it was. 

The only thing which prevented me at first from giving it 
as my definite opinion that the patient was suffering from 
ulceration of the kidneys was that he had previously suffered 
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from tertian and other mixed types of fever, and this to some 
extent confirmed my suspicion that this mixed fever might be 
from inflammatory processes which would tend to become 
quartan when they waxed stronger. 

Moreover the patient did not complain to me that his loins 
felt like a weight depending from him when he stood up; and 
I neglected to ask him about this. The frequent micturition 
also should have strengthened my suspicion of ulceration of 
the kidneys, but I did not know that his father suffered from 
weakness of the bladder and was subject to this complaint, and 
it used likewise to come upon him when he was healthy, and it 
ought not to be the case henceforth, till the end of his life, 
if God will. 

So when he passed the pus I administered to him diuretics 
until the urine became free from pus, after which I treated 
him with terra sigillata, Boswellia thurifera, and Dragon’s 
Blood, and his sickness departed from him, and he was quickly 
and completely cured in about two months. That the ulceration 
was slight was indicated to me by the fact that he did not com- 
plain to me at first of weight in the loins. After he had passed 
pus, however, I enquired of him whether he had experienced 
this symptom, and he replied in the affirmative. Had the ulcera- 
tion been extensive, he would of his own accord have com- 
plained of this symptom. And that the pus was evacuated 
quickly indicated a limited ulceration. The other physicians 
whom he consulted besides myself, however, did not under- 
stand the case at all, even after the patient had passed pus in 
his urine.5 


- 


Another case, in which Rhazes' mastery of treatment by 
means of psychological shock is well displayed, is described 
in the Four Discourses of Nizami-i «Aridi, and has become 
famous among later students of medicine. To quote: 


Another of the House of Saman, Amir Mansür ibn Nth ibn 
Nasr, became afflicted with an ailment which grew chronic, 
and remained established, and the physicians were unable to 
cure it. So the Amir Mansür sent messengers to summon 
Muhammad ibn Zakariyyà ar-Rázi to treat him. Muhammad 
ibn Zakariyyà came as far as the Oxus, but, when he reached 
its shores and saw it, he said, "I will not embark in the boat, 
for God Most High saith—'Do not cast yourselves into peril 
with your own hands; and again it is surely a thing remote 
from wisdom voluntarily to place one's self in so hazardous 
a position." Ere the Amir's messenger had gone to Bukhara 


S Browne, Arabian Medicine, pp. 52-53. 
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and returned, he had composed the Kitab-i-Mansiiri, which 
he sent by the hand of that person, saying, "I am this book, 
and by this book thou canst attain thine object, se that there 
is no need of me." 

When the book reached the Amir he was grievously afflicted, 
wherefore he sent a thousand dinars and one of his own private 
horses fully caparisoned, saying, "Show him every kindness, 
but, if this proves fruitless, bind his hands and feet, place him 
in the boat, and fetch him across." They did so, but their 
entreaties moved him not at all. Then they bound his hands 
and feet, placed him in the boat, and, when they had ferried 
In him across the river released his limbs. Then they brought the 
" led-horse, fully caparisoned, before him, and he mounted in 
i the best of humours, and set out for Bukhara. So they enquired 
of him saying, “We feared lest, when we should cross the water 
j and set thee free, thou wouldst cherish enmity against us, but 
l thou didst not so, nor do we see thee annoyed or vexed in 
l heart.” He replied, “I know that every year twenty thousand 
li persons cross the Oxus without being drowned, and that I too 
should probably not be drowned; still, it was possible that I 
| might perish, and if this had happened they would have con- 
il tinued till the Resurrection to say, ‘A foolish fellow was 
| Muhammad ibn Zakariyya, in that, of his own free will he 
embarked in a boat and so was drowned.’ So should I be one 
of those who deserve blame, not of those who are held excused." 

When he reached Bukhàrá, the Amir came in and they saw 
one another and he began to treat him, exerting his powers to 
the utmost, but without relief to the patient. One day he came 
in before the Amir and said, "To-morrow I am going to try 
another method of treatment, but for the carrying out of it you 
will have to sacrifice such-and-such a horse and such-and-such 
a mule," the two being animals noted for their speed, so that 
| in one night they would go forty parasangs. 

il So next day he took the Amir to the hot bath of Jü-yi- 
l Muüliyàn, outside the palace, leaving that horse and mule ready 
equipped and tightly girt in the charge of his own servant at 
the door of the bath; while of the King's retinue and attendants 
i he suffered not one to enter the bath. Then he brought the King 
i into the middle chamber of the hot bath, and poured over him 
| tepid water, after which he prepared a draught, tasted it, and 
gave it to him to drink. And he kept him there till such time 
as the humours in his joints had undergone coction. 

i Then he himself went out and put on his clothes, and, [taking 
i a knife in his hand], came in, and stood for a while reviling the 
j King, saying, “O such-and-such, thou didst order thy people to 
i bind and cast me into the boat and to threaten my life. If I do 
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not destroy thee as a punishment for this, I am no true son of 
[my father] Zakariyya!” 

The Amir was furious and rose from his place to his knees. 

Muhammad ibn Zakariyya drew a knife and threatened him 
more, until the Amir, partly from anger, partly from fear, 
completely rose to his feet. When Muhammad ibn Zakariyyá 
saw the Amir on his feet, he turned round and went out from 
: the bath, and both he and his servant mounted, the one the 
horse, the other the mule, and turned their faces towards the 
Oxus. At the time of the afternoon prayer they crossed the 
river, and halted nowhere till they reached Merv. When 
Muhammad ibn Zakariyy alighted at Merv, he wrote a letter 
to the Amir, saying, "May the life of the King be prolonged 
in health of body and effective command! I your servant under- 
took the treatment and did all that was possible. There was, 
however, an extreme failure in the natural caloric, and the 
treatment of the disease. by ordinary means would have been 
a protracted affair. I therefore abandoned it in favour of psy- 
chical treatment, carried you to the hot bath, administered a 
draught, and left you so long as to bring about a coction of the 
_ humours. Then I angered the King, so as to aid the natural 
. caloric, and it gained strength until those humours, already 
softened, were dissolved. But henceforth it is not expedient 
that a meeting should take place between myself and the King.” 

Now after the Amir had risen to his feet and Muhammad 
ibn Zakariyya had gone out and ridden off, the Amir at once 
fainted. When he came to himself he went forth from the bath 
and called to his servants, saying, “Where has the physician 
Bone?" They answered, "He came out from the bath, and 
mounted the horse, while his attendant mounted the mule, and 
went off." 

Then the Amir knew what object he had had in view. So he 
came forth on his own feet from the hot bath; and tidings of 
this ran through the city. Then he gave audience, and his serv- 
ants and retainers and people rejoiced greatly, and gave alms, 
and offered sacrifices, and held high festival. But they could 
not find the physician, seek him as they might. And on the 
seventh day Muhammad ibn Zakariyya’s servant arrived, riding 
the mule and leading the horse, and presented the letter. The 
Amir read it, and was astonished, and excused him, and sent 
him an honorarium consisting of a horse fully caparisoned, a 
cloak, turban and arms, and a slave-boy and a handmaiden; 
and further commanded that there should be assigned to him 
in Ray from the estates of al-Ma’min a yearly allowance of 
two thousand dindrs in gold and two hundred ass-loads of corn. 
This honorarium and pension-warrant he forwarded to him at 
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Merv by the hand of a man of note. So the Amir completely 
regained his health, and Muhammad ibn Zakariyy4 attained 
his object.6 


Rhazes was also well versed in anatomy in which he, like 
other Muslim physicians, continued the tradition of Galen, 
The following passages from The Book -of al-Mansür give 
a fair picture of anatomical knowledge among Muslim 
physicians, 


CHAPTER FIVE 
ON VEINS 


All the veins commence from the convex side of the liver, 
the liver being concave from the inner side and convex from 
the outer. From the convex side a large vein rises up. When 
this vein in rising has traversed only a short distance, it be- 
comes divided into two portions, of which the one that is larger 
turns toward the lower parts of the body in order to water all 
the members of the body it encounters there. The other portion 
heads for the higher parts in order to water the upper members 
of the body. 

This upper portion follows its course until it comes close 
to the diaphragm. There, two veins are detached from it which 
are distributed in the diaphragm in order to nourish it. Then 
it passes by the diaphragm; when it has passed it, slender 
veins are detached from it which reach the membrane that di- 
vides the thorax into two parts, and also the envelope of the 
heart and the gland called “mulberry,” and are there distributed. 
We shall speak of these members later. Then a long branch is 
detached from it which comes to the right auricle of the heart. 
This branch is divided into three parts, one of which enters into 
the right cavity of the heart and is the largest of these parts. 
The second encircles the heart on the outside and spreads 
throughout the heart. The third part reaches the lower regions 
of the thorax and nourishes the members which are found there. 

When it has passed the heart, it follows its course in a 
straight direction until it reaches the level of the clavicles. 
During this passage, small branches separate from it on each 
side, which water what is situated near and before them, and 
from which there issue small branches extending to the outside 
in order to water the external muscles situated before these 
internal members. When the vein has reached the level of the 
arm-pit, a large branch separates from it, which reaches the 
upper part from the side of the arm-pit. This is called the 
Basilical vein. 

6 Nizami «Arüdi, Chahar Mag@la, pp. 83-85. 
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When the vein is at the level of the middle of the two 
clavicles, at the place of the jugular dimple, it is divided into 
two parts, one going to the right and the other to the left. 
Each of these portions is in turn divided into two parts, one 
of which goes up the shoulder and comes to the upper member 
from the outside; it is the vein that is called Cephalic. The 
other is divided into two parts on each side, one of which 
passes into the depths, rising by the neck until it enters the 
skull and waters the parts of the brain found there and its 
membranes. During the passage from the neck until it enters 
the brain, small branches give off from it which water the 
interior parts of the neck; this is called the internal jugular 
vein. The other continues on, rising near the surface to become 
divided in the face, the head, the eye and the nose and in order 
to water all these members. It is called the external jugular vein. 

During the passage of the shoulder vein in the arm, small 
branches separate from it to water the external parts of the 
arm, and from the vein of the arm-pit small branches are 
detached which water the internal parts of the arm. When 
the Cephalic and Basilic veins reach near the articulation of 
the elbow, they become divided; one of the branches of the 
Cephalic vein joins with one of the branches of the Basilic vein 
and from these two there forms near the fold of the elbow the 
vein called the black vein. The second branch of the shoulder 
vein extends to the external part of the fore-arm and passes 
after that above the upper zand (Radius); it is the vein called 
the ligament of the fore-arm. One branch of the vein of the 
arm-pit, the branch that is lowest of all, passes by the interior 
side of the fore-arm until it reaches the extremity of the lower 
zand (Cubital). From some of these branches the vein is 
formed which is found between the small finger and the ring- 
finger and it is the vein called the small salutary vein. . . . 


CHAPTER SIX 
ON ARTERIES 


Arteries originate in the left cavity of the heart. From this 
cavity there come forth two arteries one of which is smaller 
than the other. This has only one membrane which besides is 
thinner than any one of the two membranes of the other arter- 
les. This artery enters into the lungs and is there divided. The 
other artery [aorta] is much bigger. Ás soon as this artery 
shows itself, two branches [the coronaries] separate from it, 
of which one goes to the right cavity of the two cavities of the 
heart and is the smaller of the two branches. The other encircles 
the entire heart, then enters the partition-wall of the heart 
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and spreads there. After that the rest of the artery which origi- 
nates in the left cavity of the heart, once these two branches are 
detached from it, is divided into two parts, of which the bigger 
is directed toward the lower members of the body, while the 
other is directed toward the upper members. 

From the portion that goes toward the upper parts of the 
body there separate off, during its ascent, on both sides, 
branches which reach the parts situated before them in order 
to give them natural heat. When this portion comes to the 
arm-pit, there issues from it a branch which, accompanying 
the vein of the arm-pit, goes to the upper members and there 
becomes divided in the same manner as this vein. Small 
branches of this artery arrive at the internal and external 
muscles of the arm. At the same time it passes into the depths 
and remains hidden, until it comes near the elbow, when it 
rises in such a way that its beating is perceptible at this point 
in the case of most bodies. It remains under the vein of the 
arm-pit, to which it is joined, until in descending it is separated 
from the elbow. Then it thrusts deeply again and from it five 
branches become detached and come to the muscles of the 
fore-arm. Thereupon, it divides into two branches, one of 
which goes to the wrist, passing by the Radius; that is the 
tube that physicians feel. The other is directed also toward 
the wrist, passing by the Cubitus; it is the smaller of the two. 
The two branches are distributed in the hand and sometimes 
their beating is perceptible at the dorsal side of the hand. 

When this upper portion has reached the jugular dimple, 
it is divided into two parts, each of which is further divided 
into two other parts. One of these parts accompanies the 
internal jugular vein, and it rises upward until it enters the 
skull. During its passage, branches are detached from it which 
reach the deep parts found at this point, as we have described 
in speaking of the veins. Upon entering the skull it becomes 
divided in a marvellous manner, and forms something called 
the network, which is extended under the brain. It is a body 
like that of several networks thrown one upon another. Then, 
after this artery becomes divided in this network, the divisions 
become reunited and return [to their previous disposition]. 
From this network two arteries of equal size come forth, 
as they were before their division in the network. Then they 
enter into the substance of the brain and become distributed 
there. The other of these two parts, which is the smaller, rises 
to the exterior parts of the face and head, and becomes dis- 
tributed among the external parts of the face in the same 
manner as the external jugular vein. The beating of this part 
is perceptible behind the ear and at the temple, whereas the 
beating that is perceptible near the two jugular veins is that 
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of the considerable portion that accompanies the deep jugular 
vein. These two arteries are called the soporific arteries. 


CHAPTER FOURTEEN 
ON THE DISPOSITION OF THE HEART 


The form of the heart resembles that of a reversed fir-cone 
whose tip in the form of a cone is turned toward the lower 
part of the body and whose base is turned toward the upper 
part. It has an envelope formed of a thick membrane that 
surrounds it, not attached to the whole heart but only near 
its base. The heart is placed at the center of the thorax but its 
point in the form of a cone inclines toward the left side and the 
great artery originates from the left side. For this reason the 
beating is perceptible at the left side of the heart. [In the 
heart there are two ventricles of which one is found] at the 
right side and the other at the left side. Near its base and its 
origin there is found something which resembles a cartilage 
and which is the base for the entire heart and there are 
passages which lead from the right to the left ventricle. The 
right ventricle has two orifices. One of these orifices is that 
by which the vein that originates in the liver enters, and by 
this orifice it pours the blood into the right ventricle of the 
heart. On this orifice are found three membranes which close 
from the [outside to the inside], in order to allow themselves 
to push back and to yield to what enters the heart. The second 
orifice is that of the vein which from this cavity comes to the 
lung. It is a non-beating vein but its walls are thick and heavy. 
For this reason the anatomists call it the arterial vein [pulmo- 
nary artery] because the arteries have a heavier, thicker and 
harder wall than the veins—and with reason, since they move 
perpetually during the whole life of man and the rupture 
of an artery is more dangerous than that of a vein. 

On the orifice by which this vein leaves there are found 
[three] membranes, but they close from the inside to the 
outside in order to allow themselves to push back and to 
yield to what leaves the heart. In the left ventricle there are 
two orifices, one of which is that of the great artery [aorta], 
from which the arteries of the whole body originate. On its 
orifice there are [three] membranes which close from the 
inside to the outside, in order to allow themselves to push 
back and to yield to the pneuma and the blood that leave the 
heart. The second orifice is that of the artery which comes to 
the lungs and by which the air passes from the lungs to the 
heart. On this orifice there are found two membranes which 
close from the outside to the inside in order to open up and 
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to yield to the air which enters the heart. The heart has two 
accessory parts similar to ears, one to the right and the other 
to the left. The lungs cover the heart in order to prevent the 
bones of the chest from having contact with it from the front.? 


The work of Rhazes best known in the Western world is 
his treatise on measles and smallpox which was published in 
Europe many times, as late as the eighteenth century. Besides 
this, and many other short treatises on various diseases, 
Rhazes also composed several large medical works, including 
his Compendium, Sufficient, the greater and the lesser Intro- 
duction, The Guide, the Royal and the Splendid books of 
medicine, as well as The Book of al-Mansür and Kitàb al- 
Hawi (Continens), which are his two greatest masterpieces. 

The Continens is the most voluminous medical work ever 
written in Arabic. It must be regarded as the most basic 
source for the study of the clinical aspects of Islamic medi- 
cine. It was studied avidly in the Western world from the 
sixth/twelfth to the eleventh/seventeenth century, when 
Rhazes and Avicenna were held in higher esteem than even 
Hippocrates and Galen, and it constitutes one of the main- 
stays of the traditional curriculum of medicine in the Islamic 
world. The criticism by <Ali ibn al-<Abbias al-Majüsi, a 
famous physician of the next generation, affords a fair picture 
of the strengths and weaknesses of this lengthy masterpiece of 
Islamic medicine: 


As to his book which is known as al-Hawi, I found that he 
mentions in it everything the knowledge of which is necessary 
to the medical man, concerning hygiene and medical and 
dietetical treatment of diseases and their symptoms. He did 
not neglect the smallest thing required by the student of this 
art concerning treatment of diseases and illnesses. But he made 
no mention at all of natural matters, such as the elements, 
the temperaments and the mixtures of the humours. Nor did 
he speak of anatomy and surgery. He wrote, moreover, without 
order and method, neglecting the side of scholastic learning. 
He omitted to subdivide his book into discourses, sections 
and chapters, as might have been expected from his vast knowl- 
edge of the medical art and from his talent as a writer. Far be 
it from me to contest his excellence or to deny his knowledge 
of the medical art or his eminence as an author. Considering 
this condition or imagining the causes of it by comparison with 


7 From Rhazes, The Book of al-Mansiir. The translation is by S. H. Nast 
based on that of P. de Koning in Trois traités d'anatomies arabes (Leiden: 
E. J. Brill, 1903), pp. 37-41; 43-45; 63-65. 
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the vast knowledge shown in this book, I think there are two 
possibilities; either he composed it and collected in it the 
entire field of Medicine as a special memorandum of reference 
for himself, comprising hygiene and therapeutics, for his old 
age and time of forgetfulness: or being afraid of damage which 
might occur to his library, which was to be made good in this 
case by the book in question. Likewise in order to relieve his 
writing from bulkiness and in order to be useful to the people 
and to create for himself a good memorial for coming genera- 
tions, he provided reference notes for his entire text, put them 
in order and compared each one with its like and fitted it in 
its chapter according to his knowledge of appropriateness in 
this art. In this way the book should be complete and perfect. 

He was, however, prevented from continuing it by hin- 
drances, and death befell him before its completion. If such 
was his aim, he treated his subject at too great length and 
made his book too voluminous without any urgent necessity 
to claim in his favour. This was the reason why most scholars 
were not able to order and purchase copies of the book, except 
a few wealthy literary men, and so copies are scarce. He pro- 
ceeded in such a manner that for every disease, its causes, 
symptoms and treatment, he mentioned the sayings of every 
ancient and modern physician on the disease in question from 
Hippocrates and Galen down to Ishaq bin Hunayn, and all the 
physicians, ancient and modern, who lived in between them, 
without omitting the sayings of any one of them and reference 
to them in this book, so that the entirety of medical literature 
was comprised in this book. You must know, however, that 
Skilful and experienced physicians agree about the nature ef 
diseases, their causes, symptoms and medical treatment, and 
that there exists no marked difference between their opinions, 
except that they treat more or less of the matter and that they 
speak in different terms, because the rules and the schools they 
follow in the knowledge of diseases, their causes and treat- 
ment, are obviously the same. If this is so, it was not necessary 
to record the sayings of all the ancient and modern physicians 
and the reiteration of their utterances, since they all repeat the 
same things.® 


As a master of psychosomatic medicine and psychology, 
Rhazes treated the maladies of the soul along with those of 
the body and never separated the two completely. He in fact 
. Composed a work on the medicine of the soul in which he 
sought to demonstrate the way to overcome those moral and 
` Psychological illnesses which ruin the mind and the body and 


8 From Continens in Elgood, A Medical History of Persia, pp. 199-201. 


206 SCIENCE AND CIVILIZATION IN ISLAM 


upset that total state of health that the physician seeks to 
preserve. In this book, named Spiritual Physick in its English 
translation, Rhazes devotes twenty chapters to the various 
ailments that beset the soul and body of man. For example, 
in the fourteenth chapter he writes: 


OF DRUNKENNESS 


Chronic and habitual drunkenness is one of the evil disposi- 
tions that bring those indulging it to ruin, calamity and all kinds 
of sickness. This is because the excessive drinker is imminently 
liable to apoplexy and asphyxia, that filling of the inner heart 
which induces sudden death, rupture of the arteries of the 
brain, and stumbling and falling into crevices and wells; not to 
mention various fevers, bloody clots and bilious swellings in 
the intestines and principal parts, and delirium tremens and 
palsy especially if there be a natural weakness of the nerves. 
Besides all this, drunkenness leads to loss of reason, immodesty, 
divulging of secrets, and a general incapacity to grasp even 
the most important mundane and spiritual matters; so that a 
man will hardly hold on to any cherished purpose or achieve 
any lasting happiness, but on the contrary he will go on slip- 
ping and sliding downwards. It was of such a situation that 
the poet wrote: 


When shall it be within thy power 

To grasp the good things God doth shower 
Though they be but a span from thee, 

If all thy nights in revelry 

Be passed, and in the morn thou rise 

With fumes of drinking in thine eyes 

And, heavy with its wind, ere noon 
Returnest to thy drunkard's boon? 


In short, drink is one of the most serious constituents of 
passion, and one of the greatest disorders of the reason. That 
is because it strengthens the appetitive and choleric souls and 
sharpens their powers, so that they demand urgently and in- 
sistently that the drinker shall embark precipitately upon their 
favourite course. Drink also weakens the rational soul and 
stultifies its powers, so that it is scarcely able to undertake 
careful thought and deliberation but rushes headlong to a 
decision and liberates action before its energy is firmly estab- 
lished. Hence the rational soul is led on easily and smoothly 
by the appetitive soul, until it is scarcely able to resist it or 
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deny it anything. This is the sign of a departure from ration- 
ality, and of enrolment in the order of beasts. 

It therefore behoves the intelligent man to beware of drink, 
and to keep it in its proper place, namely that which is here 

` indicated, fearing it as he would fear one who aims to rob him 
of his most prized and precious possessions. If he touches 
drink at all, he should do so only when anxiety and care 
oppress and overwhelm him. Moreover his purpose and inten- 
tion should be not to seek pleasure for its own sake and to 
follow it wherever it may lead, but to reject superfluous plea- 
sure and to indulge only so much as he is confident will not 
mischief him and upset his constitution. He should call to 
mind in this and similar situations our remarks on the sup- 
pression of passion, keeping before him a picture of these 
overall observations and general principles so that he may not 
need to remember them again and repeat them. In particular 
he should recall our statement that the constant and assiduous 
indulgence of pleasure diminishes our enjoyment thereof, re- 
ducing that to the position of something necessary for the 
maintenance of life. 

This idea is almost more valid when applied to the pleasure 
of drunkenness than in the case of any other pleasure; that is 
because the drunkard reaches a stage where he cannot conceive 
of living without drink, while sobriety is to him just like the 
State of a man beset by pressing cares. Moreover drunkenness 
is not less insatiable than greed; indeed it is even very much 
more insatiable; one must accordingly be equally swift to 
grapple with it and equally strenuous in reining and denying it.® 


The contributions of Rhazes to medicine and pharmacology 
as contained in his many medical writings—of which al- 
Birüni mentions 56—are numerous. He was the first to iden- 
tify several important diseases, such as smallpox, and to treat 
them successfully. To him is generally credited the isolation 
and use of alcohol as an antiseptic, and the first use of mer- 
Cury as a purgative, which became known in the Middle Ages 
as "Album Rhasis.” Although criticized vehemently by both 
Sunni and Shia alike for his “anti-prophetic” philosophy, his 
medical views became the undisputed authority wherever 
medicine was studied and taught; he came to exercise. more 
Influence upon Latin science than any of the Muslim think- 
ers, if we exclude Avicenna and Averroes, whose great influ- 
€nce, however, was in the field of philosophy. 


9 Rhazes, The Spiritual Physick of Rhazes, translated by A. J. Arberry 
in the Wisdom of the East Series (London: John Murray, 1950), pp. 78-80. 
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After Rhazes, the most outstanding physician, whose writ- 
ings have been of universal import, was <Ali ibn al-<Abbis al- 
Majüsi (the Latin “Haly Abbas"). As his name indicates, he 
was of Zoroastrian descent (Majüsi meaning "Zoroastrian"), 
but was himself a Muslim. Although little is known of his 
life, one can conclude from the dates of some of his con- 
temporaries that he flourished during the second half of the 
fourth/tenth century, dying around 385/995, and that he 
hailed from Ahwaz near Jundishapur. Haly Abbas is best 
known for his Kamil al-sinà-ah (The Perfection of the Art) 
or Kitab al-maliki (The Royal Book or Liber Regius), which 
is one of the best-written medical works in Arabic, and re- 
mained a standard text until the works of Avicenna appeared, 
The Liber Regius is of particular interest in that in it Haly 
Abbas discusses the Greek and Islamic physicians who pre- 
ceded him, making a frank judgment of their virtues and 
shortcomings. Haly Abbas has always been regarded as one of 
the chief authorities on Islamic medicine, and many stories 
have been recorded, revealing his acumen in treating various 
diseases. The following is a well-known example: 


The author of the Kamilwsg-Sinà-at was physician to 
‘Adudu’d-Dawla in Pars, in the city of Shiraz. Now in that 
city there was a porter who used to carry loads of four hun- 
dred and five hundred maunds on his back. And every five or 
six months he would be attacked by headache, and become 
restless, remaining so for ten days or a fortnight. One time he 
was attacked by this headache, and when seven or eight days 
had elapsed, and he had several times determined to destroy 
himself, it finally happened that one day this great physician 
passed by the door of his house. The porter's brothers ran to 
meet him, did reverence to him, and, conjuring him by God 
Most High, told him about their brother's condition and head- 
ache. "Show him to me," said the physician. So they brought 
him before the physician, who saw that he was a big man, of 
bulky frame, wearing on his feet a pair of shoes each of which 
weighed a maund and a half. Then the physician felt his pulse 
and asked for and examined his urine; after which, “Bring 
him with me into the open country,” said he. They did so, and 
on their arrival there, he bade his servants take the porter’s 
turban from his head, cast it round his neck, and twist it tight. 
Then he ordered another servant to take the shoes off the 
porter’s feet and strike him twenty blows on the head, which 
he accordingly did. The porter’s sons lamented loudly, but 
the physician was a. man of consequence and consideration, 
so that they could do nothing. Then the physician ordered his 
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servant to take hold of the turban which he had twisted round 
his neck, to mount his horse, and to drag the porter after him 
round the plain. The servant did as he was bid, and made him 
run far afield, so that blood began to flow from his nostrils. 
“Now,” said the physician, “let him be." So he was let alone, 
and there continued to flow from him blood stinking worse 
than carrion. The man fell asleep amidst the blood which 
flowed from his nose, and three hundred dirhams' weight of 
blood escaped from his nostrils ere the haemorrhage ceased. 
They then lifted him up and bore him thence to his house, 
and he never woke, but slept for a day and a night and his 
headache passed away and never again returned or required 
treatment. 

Then ‘Adudu’d-Dawla questioned the physician as to the 
rationale of this treatment. *O King,” he replied, “that blood 
in his brain was not a matter which could be eliminated by 
an aperient of aloes, and there was no other method of treat- 
ment than that which I adopted."19 


; The works of Haly Abbas, as well as those of most of the 
| other early physicians in Islam, were overshadowed by those 
* of Avicenna, the most influential of all Muslim physicians and 
philosophers, who for many centuries held the title of “Prince 
of Physicians" in the Occident, and who dominates Islamic 
medicine to this day in the East. The name of Avicenna and 
his influence can be seen wherever and whenever the sciences 
have been studied and.cultivated in the Muslim world, and 
not least of all in medicine, in which the perfection, and 
lucidity of his works put in the shade many previously written 
treatises. Like many of the other celebrated philosophers and 
scientists of Islam, Avicenna practiced medicine in order to 
gain a livelihood, while his love for knowledge took him to 
all branches of the philosophy and the sciences of his day. 
In many of these, he became peerless, especially in Peripatetic 
philosophy which reached its apogee with him. Yet this intense 
devotion to philosophy did not make him in any way a worse 
physician. On the contrary, his intellectual powers enabled 
him to unify and systematize all the medical theories and 
practices of the earlier centuries into a vast synthesis which 
clearly bears the imprint of his genius. 

Avicenna wrote a large number of medical works in 
Arabic, and also a few in Persian, including treatises on par- 
ticular diseases, as well as poems summarizing the basic prin- 


10 Nizami-i «Aridi, Chahaár Magala, pp. 90-91. 
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ciples of medicine. His masterpiece, however, is the Canon of 
Medicine, which is certainly the most widely read and influ. 
ential work of Islamic medicine. This vast opus, which was 
one of the books most often printed in Europe during the 
Renaissance, in the Latin, translation of Gerard of Cremona, 
comprises five books: general principles, simple drugs, dis- 
eases of particular organs, local diseases that have the tend. 
ency to spread over the body, such as fever, and compound 
drugs. In these books, Avicenna summarized medical theory 
and practice in such fashion that the Canon became once and 
for all the authoritative source of Islamic medicine. Of its 
value, the author of the Four Discourses, Nizami-i ‘Aridi, 
writes: 


The Lord of the two worlds and the Guide of the two 
Grosser Races says: “Every kind of game is in the belly of the 
wild ass”: all this of which I have spoken is to be found in 
the Qanin, with much in addition thereto; and whoever has 
mastered the first volume of the Qānūn, to him nothing will 
be hidden of the general and fundamental principles of Medi- 
cine, for could Hippocrates and Galen return to life, it were 
meet that they should do reverence to this book. Yet have I 
heard a wonderful thing, to wit that one hath taken exception 
to Abü ‘Alī [ibn Sina] in respect of this work, and hath em- 
bodied his objections in a book, which he hath named “the 
Rectification of the Qanin”; and it is as though I looked at 
both, and perceived what a fool the author was, and how de- 
testable is the book which he has composed! For what right 
has anyone to find fault with so great a man when the very 
first question which he meets with in a book of his which he 
comes across is difficult to his comprehension? For four thou- 
sand years the wise men of antiquity travailed in spirit and 
melted their very souls in order to reduce the Science of Phi- 
losophy to some fixed order, yet could not effect this, until, 
after the lapse of this period, that incomparable philosopher 
and most powerful thinker Aristotle weighed this coin in the 
balance of Logic, assayed it with the touchstone of definitions, 
&nd measured it by the scale of analogy, so that all doubt and 
ambiguity departed from it, and it became established on a 
sure and critical basis. And during these fifteen centuries which 
have elapsed since his time, no philosopher hath won to the 
inmost essence of his doctrine, nor travelled the high road of 
his method, save that most excellent of the moderns, the Phi- 
losopher of the East, the Proof of God unto His creatures, 
Abū ‘Ali al-Husayn ibn <Abdu’ll4h ibn Sind (Avicenna). He 
who finds fault with these two great men will have cut himself 
off from the company of the wise, placed himself in the category 
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of madmen, and exhibited himself in the ranks of the feeble- 
minded. May God (blessed and exalted is He!) keep us from 
such stumblings and vain desires, by His Favour and His 
Grace! 

So, if the physician hath mastered the first volume of the 
Qünün, and hath attained to forty years of age, he will be 
worthy of confidence; yet even if he hath attained to this de- 
gree, he should keep ever with him some of the smaller treatises 
composed by proved masters, such as the "Gift of Kings" 
(Tuhfatwl-Mulük) of Muhammad ibn Zakariyyà [ar-Razi], or 
the Kifáya of Ibn Mandüya of Isfahan, or the "Provision 
against all sorts of errors in Medical Treatment" (Tadàruku 
anwāʻil-khatā  fot-tadbirit-tibbi) of which Abū *Ali (Avi- 
cenna) is the author; or the Khuffiyy-i «Alà'i, or the "Memo- 
randa" (Yddigar) of Sayyid Ismail Jurjani. For no reliance 
can be placed on the Memory, which is located in the most 
posterior part of the brain, and when it is slow in its opera- 
tion these books may prove helpful. 

Therefore every King who would choose a physician must 
see that these conditions which have been enumerated are found 
in him; for it is no light matter to commit one's life and soul 
into the hands of any ignorant quack, or to entrust the care 
of one's health to any reckless charlatan.!t 


. Avicenna possessed much clinical insight, and is given 
. credit for the first description of several drugs and diseases, 
. Such as meningitis, which he was the first to describe cor- 
, rectly. But it is essentially for his penetration and his under- 
standing of the philosophical principles of medicine, oñ the 
one hand, and his mastery of the psychological treatment of 
Physical ailments, or of “psychosomatic medicine" as it is 
called today, on the other hand, that he is celebrated. 

Many case histories are attributed to Avicenna that have 
become part and parcel of Persian and Arabic literature and 
have transcended the bounds of medical science. Some of 
these stories have become so commonly known that they 
have been adopted and transformed into gnostic tales by the 
Sufis, while others have entered into the folklore of the 
Islamic people. 

With Rhazes and Avicenna, Islamic medicine reached its 
apogee, becoming incorporated into the writings of these 
men in the definitive form that it was to take for later gen- 
erations of students and practitioners. The medical student 


11 Ibid., pp. 79-80. 
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usually began his formal studies with the Aphorisms of Hip. 
pocrates, the Questions of Hunain ibn Ishaq and the Guide 
of Rhazes; then he passed on to the Treasury of Thabit ibn 
Qurrah, and The Book of al-Mansür of Rhazes; finally, he 
undertook the study of the Sixteen Treatises of Galen, the 
Continens and the Canon. The Canon of Avicenna thus be- 
came the final authority in the medical profession, its study 
and comprehension being the aim toward which the whole 
medical curriculum was directed. Even during later centuries, 
when many other important medical encyclopedias were writ- 
ten in both Arabic and Persian, the Canon continued to pre- 
serve its exalted position. Its author, along with Rhazes, has 
reigned as the supreme medical authority, in the West until 
the seventeenth century, and in the East to the present day. 


C. Medicine after Avicenna 


I. EGYPT AND SYRIA 


The medical tradition, basing itself upon the works of 
Avicenna, Rhazes and the other early masters, continued to 
flourish in Egypt and Syria, in the Maghrib and Andalusia, 
and in Persia and the other Eastern lands of Islam. In Egypt, 
where eye diseases have always been prevalent, it was oph- 
thalmology that was especially developed, even leaving à 
profound impression on the West, as can be seen in such 
Arabic words as retina and cataract. Even in the pre-Islamic 
days, Egyptian ophthalmologists, such as Antyllos and De- 
mosthenes Philalethes, were well known. During the Islamic 
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t important treatise on the eye was the Note-Book of the 
culists of «Ali ibn ‘Isa (Jesu Haly) of Baghdad, composed 
the end of the fourth/tenth century, and followed shortly 
‘by the Book of Selections on the Treatment of the Eye 
of Canamusali who was the physician to the Egyptian ruler 
ig]-Hàkim. These works remained authoritative in their field 
án the Occident, until the dioptrics of Kepler was published; 
E they continued to be consulted until the eighteenth century, 
when the study of this branch of medicine was revived in 
‘France. The court of al-Hàkim was also the scene of the 
ctivities of Alhazen who, as we have seen, was the greatest 
* -of the Muslim opticians, and who also made many studies 
‘on the structure and illnesses of the eye, especially in so 
far as the problem of vision was concerned. 
. Egypt was also the center of activity of many other famous 
physicians, such as the fifth/eleventh century ‘Ati ibn Ridwan 
(the Latin “Haly Rodoam”), who wrote commentaries on the 
Works of Galen, and carried on a series of bitter debates with 
Tbn Butlàn, the author of The Calendar of Health, who had 
come from Baghdad to settle in Cairo. The hospitals and 
libraries of Cairo always drew physicians from near and far, 
-as when, for example, two centuries later Ibn Nafis, who was 
‘born in Damascus, finally settled in Cairo, dying there in 
,687/1288. 
Ibn Nafis, whose importance became known only a gen- 
‘eration ago, was the discoverer of the lesser or pulmonary 
‘circulation, which was thought until recently to have been 
discovered in the sixteenth century by Michael Servetus. Ibn 
"Nafis made a critical study of the anatomical works of Galen 
-and Avicenna, publishing it as The Epitome of the Canon. 
It became a popular work of medicine, and was translated 
into Persian. Ibn Nafis describes the lesser circulation, which 
marks one of the major discoveries of Islamic medicine, as 
follows: 


When the blood has been refined in the Right Ventricle, it 
needs be that it pass to the Left Ventricle where the Vital Spirit 
is generated. But between these two there exists no passage. 
For the substance of the heart there is solid and there exists 
neither a visible passage, as some writers have thought, nor an 
invisible passage which will permit the flow of blood, as Galen 
believed. But on the contrary the pores of the heart are shut 
and its substance there is thick. But this blood, after being 
refined, must of. necessity pass along the Pulmonary Artery 
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into the lungs to spread itself out there and to mix with the air 
until the last drop be purified. It then passes along the Pulmo- 
nary Veins to reach the Left Ventricle of the Heart after mix- 
ing with the air in order to become fit to generate the Vital 
Spirit. The remainder of the blood, less refined, is used in the 
nutrition of the lungs. That is why there are between these two 
vessels (i.e., the Pulmonary Arteries and Veins) perceptible 
passages.12 


Of later Egyptian physicians, one can refer to the eighth/ 
fourteenth-century al-Akfani and Sadaqah ibn Ibrahim al- 
Shadhili, the author of the last important ophthalmological 
treatise to come from Egypt. Also of significance is Da»üd 
al-Antaki, who died in Cairo in 1008/1599, and whose not 
unoriginal Treasury is an indication of the state of Islamic 
science and medicine during the sixteenth century, at the 
very moment when the stream of science in Europe was be- 
ginning to move in a new direction, away from the main- 
stream in which it had flowed for so many centuries. 


2. SPAIN AND THE MAGHRIB 


Spain and the Maghrib, or the Western lands of Islam, 
which formed a cultural unit, were also the loci of many 
great physicians. Cordova especially was a center of medical 
activity; here, in the fourth/tenth century, the Jewish scholar 
Hasday ben Shaprüt translated the Materia Medica of Dios- 
corides, which was then corrected and commented on by 
Ibn Juljul, who also wrote a book on the lives of the physi- 
cians and philosophers. Also from Cordova was -Arib ibn 
Sad al-Katib, who composed a well-known treatise on gyne- 
cology. He was followed in turn, during the early fifth/ 
eleventh century, by Abul-Qàsim al-Zahrawi (the Latin 
“Albucasis”), who is the greatest Muslim figure in surgery. 
Relying on the work of the Greek physicians, especially Paul 
of Aegina, but adding much original material of his own, 
Albucasis composed his famous Concession or Concessio, 
which Gerard of Cremona translated into Latin, and which 
was also studied for several centuries in Hebrew and 
Catalan translations. 


12 From The Epitome of the Canon in Elgood, A Medical History of 
Persia, p. 336. 
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Islamic medicine in Spain also owes a great deal to the 
n Zuhr or Avenzoar family, which for two generations pro- 
duced several famous physicians, and even a woman doctor, 
who gained some fame for her mastery in the art of healing. 
The most famous member of the family was Abū Marwan 
«Abd al-Malik, who died in Seville around 556/1161. He left 
several works behind, of which the Book of Diets is the most 
important. These writings mark him as the greatest Anda- 
lusian physician in the clinical aspects of medicine, second 
only to Rhazes in this domain. 

Among Andalusian physicians, there were also several of 
; the well-known medical philosophers. Ibn Tufail, the author 
` of the philosophic romance Living Son of the Awake, was 
also a competent physician, as was his successor on the phi- 
; losophical scene, Averroes. This famous philosopher, whom 
; we shall treat more fully later in the chapter on philosophy, 
was officially a physician, and composed several medical 
works, including a medical encyclopedia entitled The Book 
of Generalities on Medicine, along with commentaries upon 
the medical works of Avicenna. Averroes's career was also 
in a sense followed by Maimonides. Born in Cordov: in 
530/1136, he set out early in life for the East, finally settling 
in Egypt. By his birth and early upbringing, however, he be- 
longs to the Spanish scene. Maimonides wrote ten medical 
| works, all in Arabic, of which the most famous is The Book 
| of Aphorisms Concerning Medicine which, like many of his 
* other works, was also translated into Hebrew. - 
; _ The Spanish physicians and scientists are also to be remem- 
bered for their special contribution to the study of plants and 
their medical properties. It is true that important works on 
drugs had been composed in the East—such as the fourth/ 
tenth-century Foundations of the True Properties of Remedies 
by Abü Mansür al-Muwaffaq, which is the first prose work in 
modern Persian, or the pharmacological works of Mesue 
Junior. But it was the Spanish and Maghribi scientists who 
; made the greatest contributions in this field, which lies be- 
| tween medicine and botany. The commentary of Ibn Juljul 
< on Dioscorides was followed in the sixth/twelfth century by 
| the Book of Simple Drugs of the Tunisian physician, Abwl- 
| Salt He in turn was followed a few years later by al- 
E Ghafiqi, the most original of the Muslim pharmacologists, 
E who in his above-cited work, also entitled Book of Simple 
[ Drugs, gave the best description of plants to be found among 
t Muslim authors. 
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The work of al-Ghafiqi, as already mentioned, was com. 
pleted a century later by another Andalusian, Ibn al-Baitàr, 
who was born in Malaga and died in Damascus in 646/1248. 
Of this figure, the greatest of the Muslim botanists and phar- 
macologists, several works have survived, including The 
Complete Book of Simple Drugs and The Sufficient Book of 
Simple Drugs, in which all that was known to the pharmacol- 
ogists, as well as three hundred drugs not previously de- 
scribed, was recorded alphabetically and discussed in detail. 
These works, among the most important fruits of Islamic sci- 
ence in the field of natural history, became the source for 
much of the later writing in this field in the East. In the West, 
however, they had little influence, since they came at a time 
when most of the translations from Arabic into Latin had 
already taken place, and the intellectual contact which had 
become established between Christianity and Islam during the 
fifth/eleventh and sixth/twelfth centuries was coming to an 
end. As far as Islamic science itself is concerned, Ibn al- 
Baitar represents the last important figure of a long line of 
great Spanish botanists and pharmacologists who, from that 
land of beautiful gardens and diverse flora, dominated this 
branch of learning, a part of natural history and botany, as 
well as of medicine. 


3. THE EASTERN LANDS OF ISLAM, 
PERSIA, AND INDIA 


In Persia itself, the scene of so much of the early medical 
activity, Avicenna was followed a generation later by Ismà il 
Sharaf al-Din al-Jurjani, the author of the Treasury dedicated 
to the King of Khwàrazm, which is the most important medi- 
cal encyclopedia in Persian. The size as well as the style of 
the work places it between the Canon and the Continens; 
it is a treasure house, not only of medieval medical theory, 
but also of pharmacology, for which it presents the additional 
interest of containing the names of plants and drugs in Per- 
sian. The Treasury, although still not printed, has always 
been very popular in Persia and India, and has been trans- 
lated into Hebrew, Turkish, and Urdu. 

Also of significance among those who followed Avicenna 
is the sixth/twelfth-century theologian Fakhr al-Din al-Ràzi, 
the author of the Book of Sixty Sciences mentioned earlier. 
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¿Al-Rāzī was also a competent physician and, although he 
‘wrote severe criticisms of the philosophical writings of Avi-. 
xenna, he wrote a commentary on the Canon and explained 
any of its difficulties. He also commenced a large medical 
ork, entitled the Great Medicine—which, however, was 
ever completed. 

_. The seventh/thirteenth century, despite its turbulent politi- 
„cal life, highlighted by the Mongol invasion, and the destruc- 
-tion of many schools and hospitals, was nevertheless witness 
-to the production of several important medical works. It is 
curious, first of all, that the four most important authorities 
on the history of medicine in Islam—namely, Ibn al-Qifti, 
Ibn Abi Usaibicah, Ibn Khallakan, and Barhebraeus—all 
flourished in the middle of that century. Secondly, it is re- 
markable that the Mongols, who at first did so much to 
destroy the institutions in which medicine was practiced and 
taught, soon became its patrons, so that at their courts flour- 
ished some of the best-known physicians of Islam. Qutb al- 
Din al-Shirazi, the most celebrated student of Nasir al-Din 
. al-Tüsi, was also a physician, and wrote a commentary on the 
Canon, which he called The Present to Sa:d. He was fol- 
lowed, at the beginning of the eighth/fourteenth century, by 
Rashid al-Din Fadlallah, the learned vizier of the Ilkhanids, 
who wrote the most authoritative history of the Mongol 
period, as well as a medical encyclopedia. Rashid al-Din was 
also an ardent patron of learning and, in the capital city of 
Tabriz, he constructed many schools and hospitals. It is ipter- 
esting to note, as a sign of the still intimate contact between 
the various parts of the Islamic world, that, when Rashid 
al-Din offered prizes to anyone who wrote a book in his 
honor, several among those who soon responded came from 
Andalusia, and a few from Tunisia and Tripoli. Despite the 
Mongol invasion, the unity of the Islamic world was well 
enough preserved to permit rapid communication between 
the most distant lands concerning medical and scientific ques- 
tions. (One doubts whether, despite all the modern facilities, 
there would be the same rapid response to a scholarly ques- 
tion from such distant parts of the Islamic world today.) 

. The eighth/fourteenth century also marks a new interest 
in veterinary medicine; several treatises on horses, one of 
which is attributed to Aristotle, along with a few that were 
translated from Sanskrit, date from this period. This was 
also the age of an intense interest in anatomy, which 
the physician and the theologian shared, and the date of the 
appearance of the first illustrations for anatomical texts. The 
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first known illustrated anatomy was one composed in 798/ 
1396 by Muhammad ibn Ahmad Ilyas, and named the /llus- 
trated Anatomy. Also from this period is the widely read 
Anatomy of al-Mansür, in which embryological ideas—com- 
bining Greek and Indian with Quranic conceptions—-are 
discussed. 

The Safavid period, which marks a renaissance in Persian 
art and philosophy, was also the period in which Islamic 
medicine was thoroughly revived. The greatest physician of 
this age, Muhammad Husaini Nürbakhski, who died in 913/ 
1507, wrote a large medical work entitled The Quintessence 
of Experience, which shows the clinical powers of the author. 
He was the first person to identify and treat several common 
diseases, among them hay fever and whooping cough. This 
period was also marked by the emergence of expert phar- 
macologists, and has been called by Elgood "the Golden 
Age" of pharmacology in Islam. The most important work in 
this field was the Shafit Medicine, composed in 963/1556; 
it served as the foundation of Fr. Angelus's Pharmacopoeia 
Persica, the first European study of Persian medicine. Also 
of this period, although written a century later, is the Gift 
of the Two Mwmins, which is still widely read in the East, 
and shows the rising tide of Indian influence at that time. 

The tenth/sixteenth and eleventh/seventeenth centuries 
were also the period of the spread of Islamic medicine in 
India, through the works of several Persians who had gone to 
settle there. in 1037/1629 «Ain al-Mulk of Shiraz composed 
the Vocabulary of Drugs, dedicated to Shah Jahan. He was 
probably also involved in the composition of The Medicine 
of Dàrà Shuküh, which is the last great medical encyclopedia 
in Islam. Dàrà Shuküh, the Mogul prince, who was also a Sufi 
and a student of the Vedanta, is best known for his transla- 
tions of Sanskrit metaphysical works into Persian, and espe- 
cially the Upanishad, which Anquetil-Duperron rendered into 
Latin from the Persian translations of Dara Shuküh, thus 
making this work available for the first time in Europe. It was 
this version that William Blake, among many other famous 
figures, read in the nineteenth century—most likely with- 
out knowing of the Mogul prince who had paved the way for it. 
The actual translation of a vast medical encyclopedia by Dara 
Shuküh seems, however, unlikely; it was more probably under 
his patronage and direction that the work was done by com- 
petent physicians, such as «Ain al-Mulk. 

Islamic medicine continued to flourish in India during the 
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twelfth/eighteenth century, when such works as the Scales 
of Medicine, by another Persian physician, Muhammad 
Akbar Shah Arzàni from Shiraz, were composed. Interestingly 
enough, with the invasion of India by Nadir Shah in the 
twelfth/eighteenth century, Islamic medicine received a new 
boost in that country at the very moment when it was begin- 
ning to weaken in Persia itself, under the advent of European 
medicine. And today it is most of all in the Indo-Pakistani 
sub-continent that Islamic medicine continues to thrive as a 
living school of medicine, competing with both Ayurveda and 
modern European medicine which, in such movements as 
Neo-Hippocratism, is beginning to show some interest in the 
medical philosophy from which it departed several centuries 
ago. 


D. The Philosophy and Theory of Islamic 
Medicine 


T 


“Medicine,” as Avicenna states at the beginning of the 
Canon, "is a branch of knowledge which deals with the 
states of health and disease in the human body, with the pur- 
pose of employing suitable means for preserving or restoring 
health." The task of medicine, is, therefore, the restoration Or 
preservation of that state of equilibrium which is called 
health. Following the humoral pathology of Hippocrates, 
Islamic medicine considers the *elements" of the body to be 
blood, phlegm, yellow bile, and black bile. These four humors 
are to the body what the four elements—fire, air, water, and 
earth—are to the world of Nature. It is not, in fact, sur- 
prising to discover that Empedocles, to whom this theory of 
the four elements is generally attributed, was also a physician. 
Like the elements, each humor possesses two natures, blood 
being hot and moist, phlegm cold and moist, yellow bile hot 
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and dry, and black bile cold and dry. Just as, in the world of 
generation and corruption, everything comes into being from 
the mixture of the four elements, so in the human body there 
is a humoral constitution, brought into being from the mix. 
ture of the four humors, which marks the state of health of 
that body. Moreover, the particular constitution or tempera- 
ment of each person is unique; no two people can be treated 
medically as though they were exactly the same subject, with 
identical reactions to external stimuli. 

The body also has the power to preserve and restore that 
balance which marks its state of health—that power of self- 
preservation being traditionally called vis medicatrix naturae. 
The role of medicine then becomes no more than to help 
this power function properly, and to remove any obstacles 
from its path. The process of regaining health is therefore 
accomplished by the body itself, and drugs are merely an 
aid to this natural force, which exists within each body and 
is a characteristic of life itself. 

The physiology which results from this humoral theory is 
summarized by Avicenna as follows: 


A body-fluid or Humor is that fluid moist physical substance 
into which our aliment is transformed. 

That part of the aliment which has the capacity to be trans- 
formed into body-substance, either by itself or in combination 
with something else, is the healthy or good humor. It is what 
replaces the loss which the body-substance undergoes. The 
residue from the aliment, the superfluity, is bad humor, and is 
properly expelled. 

Of the fluids, some are primary, some are secondary. The 
primary body-fluids are: the sanguineous humor, the serous 
humor, the bilious humor, and the atrabilious humor, The 
secondary body-fluids are either nonexcrementitious, such as 
those located at the orifices of even the minutest channels and 
near the tissues, those permeating the tissues and capable of 
transformation into nourishment, a special almost congealed 
fluid, a fluid found among tissues from birth; or excrementi- 
tious. 

The Sanguineous Humor (predominant in blood) is hot and 
moist. It is normally red, without offensive odor, and very 
sweet to the taste. 

The Serous Humor, cold and moist in nature, occurs in nor- 
mal and abnormal form. Normal serous humor is capable of 
transformation into blood by Innate Heat, and is in fact im- 
perfectly matured blood. It is a kind of sweet fluid, not too cold 
compared with the body as a whole. It has no special locus 
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or receptacle in the body, and is like blood in that it is equally 
necessary to all the tissues, which receive it along with the 
blood. Its essential function is twofold: first, to be near tissues 
in case of inadequate supply of their habitual nutriment— 
healthy blood—and, second, to qualify sanguineous humor be- 
fore the latter reaches and nourishes tissues of lymphatic tem- 
perament. Its accessory function is to lubricate joints and all 
tissues and organs concerned in movement. 

The abnormal forms of serous humor are: 

One, the salty, warmer, dryer, and lighter than the other 
forms, made salty by the mixture of oxidized earthy matters 
of dry temperament and bitter taste with the normal moisture 
of the humor; 

two, the attenuated, insipid or slightly salty as a result of 
the admixture of oxidized bile, which is dry and bitter; the 
resultant heating fluid is called the bilious serous humor; 

three, the bitter, due either to admixture of atrabilious 
humor or to over-infrigidation; 

four, the sour, found in two forms, one sour because the 
humor has fermented and then gone sour, the other sour 
through the admixture of acrid atrabilious humor; 

five, the vitreous, dense and glassy, the original aqueity 
yielding to a vitreous appearance after condensation and 
increase in coldness. 

The Bilious Humor, hot and dry in nature, is in its normal 
form the foam of blood, bright red, light, and pungent. Formed 
in the liver, it either circulates with the blood or passes to the 
gall-bladder. That which passes into the bloodstream subserves 
two purposes: it enables the blood to nourish such tissues of 
organs as need a certain amount of dispersed bilious humor 
(the lung, for instance); and mechanically it attenuates the 
blood, enabling it to traverse the very minutest channels of the 
body. The part which passes to the gall-bladder also serves two 
purposes: first, the removal of some of the effete matter of the 
body and nourishment of the walls of the gall-bladder; and 
second, a dual function of cleansing food-residues and viscous 
serous humor from the bowel walls and stimulating the in- 
testinal and anal muscles for defecation. 

Besides the normal clear bilious humor in the liver and blood 
there are seven abnormal types, of which the first four are so 
by admixture of alien substance: 

One, citron-yellow bile in the liver, due to admixture of 
attenuated serous humor, less hot than normal bile; 

two, vitelline-yellow bile, the color of egg-yolk, in the 
liver, due to admixture of coagulated serous humor, still 
less hot; 

three, ruddy-yellow oxidized bile, an opaque fluid in liver 
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and blood due to simple admixture of atrabilious humor, 
and somewhat deleterious; 

four, oxidized bile of another type, in the gall-bladder, 
due to spontaneous oxidation resulting in an attenuated 
fluid plus an ash which does not separate out; more dele- 
terious than the last. 

The three abnormal biles which result from internal change 
of substance are: | 

five, hepatic bile, in the liver, due to oxidation of the 
attenuated part of the blood, so that its denser part separates 
out as atrabilious humor; a moderately toxic bile; 

six, gastric leek-green bile in the stomach, due to intense 
oxidation of vitelline bile; less toxic than the last; and 

seven, mildew- or verdigris-green bile in the stomach, due 
to intense oxidation of vitelline bile and loss of all its mois- 
ture; very hot, and extremely toxic... 

Of these the seventh is possibly derived from the sixth 
through increased oxidation resulting in total desiccation, 
which would account for its whitish hue. For we know that 
heating a moist body first blackens it, and further heating 
whitens it, the whiteness becoming evident when the degree 
of moisture is less than half-and-half. Wood, for example, first 
is charred black, and finally becomes white ash. 

The Atrabilious Humor, cold and dry in nature, is in its 
normal form the faex or sediment of good blood, an effete 
matter, in taste between sweet and bitter. After its production 
in the liver it divides into two portions, of which one enters the 
blood and the other the spleen. The former, first, contributes 
to the nourishment of such members as require a trace of 
atrabilious humor in their temperaments, as for example the 
bones; and, second, gives the blood its stamina, strength, density, 
and consistence. The latter portion, passing to the spleen, and 
no longer necessary to the blood, is primarily useful in clear- 
ing the body of effete matter, the spleen being the one organ 
to whose nourishment it contributes. Its secondary use is that, 
travelling to the mouth of the stomach by a kind of milking 
movement, one, it tones up, tightens, and thickens it; and two, 
its bitterness, irritating the mouth of the stomach, stimulates 
the sense of hunger. 

Similarly, that portion of bilious humor which passes to the 
gall-bladder is unnecessary to. the blood, and what emerges 
from the gall-bladder is no longer needed by the organ. And 
just as the bilious humor passing to the intestine arouses peri- 
stalsis and so helps to withdraw food from the stomach, so the 
atrabilious humor after leaving the spleen arouses appetite and 
leads to the drawing-in of food to the stomach. 
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Wherefore thanks be to God the Best Artificer of all things, 
and unending His Praise. ; 

Water is not counted one of the body-fluids because it is not 
a nutrient. By the word nutrient we mean something assimilable 
into the form of the human body; and such substances are al- 
ways complex, never simple. 

Galen regards the sanguineous as the only normal body-fluid, 
all others being excrementitious. But if sanguineous humor 
were the only nourisher of the various organs, it would be be- 
cause the organs were all alike in temperament and nature. 
Actually, bone would not be harder than flesh were it not for 
the dryness of the atrabilious humor present in blood, nor 
would the brain be softer were it not for the presence in blood 
of the soft serous humor which nourishes it. We must conclude 
that in the blood are other humors than the sanguineous. 

Moreover, when blood is withdrawn into a vessel, we see 
how it shrinks and how its various components visibly separate 
out: a foam (bilious), a turbid faex (atrabilious), an albu- 
minous portion (serous), and a watery part such as passes in 
urine. 

Some think that physical strength is due to abundance of 
blood, and weakness to its paucity. But it is not so. It is rather 
this: that the state of the body determines whether a nutri- 
ment will benefit it or not.13 


The uniqueness of the temperament of each individual in- 
dicates that each microcosm is a world of its own, not iden- 
tical with any other microcosm. Yet, the repetition of the 
same basic humors in each constitution bears out the" fact 
that each microcosm presents a morphological resemblance 
to other microcosms. Moreover, there is an analogy between 
the human body and the cosmic order, as shown by the cor- 
respondence between the humors and elements. There is in 
the Hermetico-alchemical natural philosophy, which was al- 
ways closely tied to medicine in Islam, a basic doctrine of 
the correspondence between all the various orders of reality: 
the intelligible hierarchy, the heavenly bodies, the order of 
numbers, the parts of the body, the letters of the alphabet 
which are the "elements" of the Sacred Book, etc. The seven 
cervical and the twelve dorsal vertebrae correspond to the 
seven planets and the twelve signs of the Zodiac, as well as 
to the days of the week amd the months of the year; and the 


13 From Avicenna's Caron translated by Eric Schroeder in Muhammad's 
Pepe (Portland, Oregon: The Bond Wheelwright Company, 1955), pp. 
790. 
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total number of discs of the vertebrae, which they consider to 
be twenty-eight, to the letters of the Arabic alphabet and the 
Stations of the moon. There is, therefore, both numerical 
and astrological symbolism connected with medicine, al- 
though the closeness of the relation has not been the same 
during all periods of Islamic history, nor among all the medi- 
cal authorities. But the correspondence and "sympathy" (in 
the original sense of the word "sympathia") between various 
orders of cosmic reality form the philosophical background 
of Islamic medicine. 
. The destruction of the equilibrium of the four humors is, 
as we have seen, the cause of illness; its restoration is the task 
of the physician. The master of Islamic medicine, Avicenna, 
applies the four Aristotelian causes to the case of disease, as 
follows: 


Material cause is the physical body which is the subject of 
health.and disease. This may be immediate as the organs of 
body together with their vital energies and remote as the 
humours and remoter than these the Elements which are the 
basis both for structure and change (or dynamicity). Things 
which thus provide a basis (for health and disease) get so 
thoroughly altered and integrated that from an initial diversity 
there emerges a holistic unity with a specific structure (or the 
quantitative pattern of organisation) and a specific type of 
temperament (the qualitative pattern). 

Efficient causes are those which are capable of either pre- 
venting or producing changes in the human body. These are 
age, sex, occupation, residence, climate and other allied fac- 
tors like the seasons, habit, rest and activity, both physical 
and mental, sleep and wakefulness, food and drink, retention, 
depletion and finally things inimical or otherwise that may be 
in contact with the body. 

Formal cause is the temperament (or the pattern of consti- 
tution as a whole) and the faculties which emerge from it and 
the structure (the quantitative patterns). 

Final cause (or the purpose) is the functions which can be 
only understood by a knowledge of the faculties (the biological 
systems) and of vital energies that are ultimately responsible 
for them. These will be described presently.1+ 


14 Avicenna in M. H. Shah, "The Constitution of Medicine," in Theories 
and Philosophies of Medicine (Delhi: Institute of History of Medicine 
and Medical Research, 1962), p. 96. 
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With the causes thus defined, Avicenna proceeds to a de- 
scription of the contents of the Islamic system of medicine: . 


Having disposed of the question of causes generally it may 
now be said that medicine deals with Elements (the units of 
constitution as a whole), Organs (anatomy), Faculties (bio- 
logical system) like the organic, vital and nervous and the 
various (physiological) functions connected with them. It also 
includes descriptions of health and disease and the intermediate 
states of the body together with their exciting causes like food 
and drink, air, water, residence, elimination and retention, oc- 
cupations, habits, physical and mental activities, age, sex and 
the various external influences. It, therefore, includes a dis- 
cussion regarding choice of a suitable diet, air, rest, medicines 
and operative procedures for the preservation of health and 
the treatment of disease.!5 


The human body, with all its different organs and elements, 
and its physical, nervous and vital systems, is unified by a 
vital force or spirit, which resembles somewhat the basal 
metabolic energy of modern medicine. The three systems of 
the body each has its own functions, differentiated and 
interrelated at the same time by the vital spirit—which, how- 
ever, must not be confused with the soul. 


Physical System has two varieties. One is concerned with 
preservation of the individual and as such is responsible for the 
functions of nutrition and growth. This is located in the Liver. 
The other for preserving the race is responsible for the sexual 
functions, the formation of the germinal fluid and the fertiliza- 
tion and further development of the ovum. This is located in 
the testicles and ovaries. 

Nervous System consists of the faculty of cognition and the 
faculty of (conation or) movement. The cognitive faculty 
functions externally [as sensation and internally (as inner) 
perception]. . . . Brain is the centre of the nervous system as it 
performs its various functions. 

Vital System. This system conditions and suitably prepares 
the vital Force for the sensory and motor function of the 
Brain. It also carries vital force right into the organs and 
tissues for their very life and vigour. This system is centred in 
the Heart and functions through it. 

Although the Vital Force first gets organised and differenti- 
ated into the Vital System, according to the Physicians it is 


15 Ibid., p. 97. 
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(however) not (just) the appearance of this system which 
leads to the differentiation of the other systems. They are not 
differentiated until the Vital Forces acquire the (necessary) 
disposition for their own special organisation.1¢ 


As for the origin of the vital spirit and its function in di- 
recting the life of the body, Avicenna states: 


God made the left side of the heart hollow to serve both as 
reservoir for the Vital Spirit and as its producing source. He 
created Vital Spirit to convey the faculties of the soul or Form 
to the appropriate bodily members. The Vital Spirit therefore 
serves both as ground for the unification of the soul's faculties 
and secondly as vehicle of emanation into the various material 
members and tissues. 

This Vital Spirit God produces by combining the subtler 
particles of bodily humors with Elemental Fire; at the same 
time producing the body-tissues from the coarser and more 
Earthy particles of the same humors. The relation of the Vital 
Spirit to the subtler particles is precisely like the relation of 
the body to the grosser. Just as the mingling of the humors 
results in a temperamental pattern which permits the visible 
physical formation, inconceivable without this mixture, so the 
mingling of subtler particles in a temperamental compound 
enables the Vital Spirit to receive the powers of the soul, 
which it could not do were the humors not so mixed. 

Initially, Vital Spirit is to be conceived as a Divine emana- 
tion from potentiality to actuality proceeding without inter- 
mission or stint until the pattern is complete. Each bodily 
member, though substantially derived from the same set of 
humors, has nevertheless its own particular temperament, 
since both the proportions and the mode of the humoral com- 
mixture are peculiar to each member. Similarly three aspects 
or branches of the Vital Spirit are differently developed: the 
vegetative or Natural (that is, as considered with regard to 
vegetative process in the body, the Vital Spirit as located in 
the liver and associated with venous blood), the Animal or 
sensitive (as associated with nerve-fibers), and the Vital prop- 
erly speaking (as located in the heart and associated with 
arterial blood). Each of these three has its own peculiar tem- 
perament, determined by the mode and proportions of the 
commixture of the subtler particles. 

The body consists of many members. As to which is the 
original one, there is no agreement; but the fact remains that 


16 Ibid., pp. 118-119. 
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one must have come into existence before others could de- 
velop from it. Similarly a prime Vital Spirit must be regarded 
as necessarily precedent to the others; and this, according to 
the most authoritative philosophers, is the Spirit located in 
the heart. Thence passing into the main physical centers, 
Spirit is located in them sufficiently to be modified by their 
respective temperamental characters. Jts location in the cere- 
brum tempers it for receiving the Animal faculties of sensation 
and movement, location in the liver for receiving the Vege- 
tative faculties of nutrition and growth, location in the genera- 
tive glands for the Reproductive faculty. 

Aqueity or moisture is the material cause of growth. But 
moisture does not develop or construct itself; it is not a self- 
creating being, but only undergoes change in virtue of a forma- 
tive power acting upon it. This formative power or Form—the 
soul in the living creature—has its existence in Divine Decree. 
And the Form requires, in order to work, an instrument: this 
instrument is the Innate Heat. 

A person at the period of life when growth has reached its 
limit approaches as near as may be to equability of tempera- 
ment so far as co-equation of his members goes, the contra- 
action of hot members such as the heart with cold ones such 
as the brain, of moist ones such as the liver with dry ones 
such as the bones. But as regards the Vital Spirit and main 
organ, temperament can never approximate to ideal equability: 
the temperament of Vital Spirit and vital organs is always 
predominantly hot and moist. Heart and Vital Spirit, which 
are the root of life, are both extremely hot. For life itself de- 
pends on Innate Heat referred to above, and growth depends 
on Innate Moisture. The Innate Heat both penetrates and feeds 
upon the Innate Moisture. 

The Innate Heat of young creatures is derived from the 
sperm of their generation, which is very hot in nature. This 
initial heat is steadily used up. But the quantitative loss is made 
up, and more than made up, by the heat added as a result of 
progressive growth. On the other hand, the proportional or 
relative amount of Innate Moisture (on which the Innate Heat 
feeds) progressively diminishes, this being the mechanism by 
which Innate Heat remains at a constant level up to senescence. 
In the end, the moisture is inadequate in proportional quantity 
even to keep the Innate Heat constant. At life's outset, it had 
been adequate both to the feeding of the heat and to growth. 
But there comes a time when either one or the other or both 
must fail. It is clear that growth has to stop, for the Innate 
Heat cannot be the one to be sacrificed. 

But at last the Innate Heat dies out. This is the death of 
the nature or Form to which every creature is destined, its 
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APPOINTED TERM. 'The diversity of temperaments is what 
accounts for the different durations of creaturely lives, the 
differences in their natural terms. There are also, of course, 
what are called premature deaths; but these other causes exist 
also (like the Form) in the realm of Divine Decree.!? 


The elements and organs, and the biological systems and 
their functions—all serve to preserve the equilibrium of the 
four humors, the state of equilibrium being determined by 
the particular nature of each human body. There are, how- 
ever, general patterns and causes for variation of the tempera- 
ments, which include such factors as race, climate, age, sex, 
etc. Thus an Indian and a Slav, or a man of sixty and a 
woman of twenty, would have quite different temperaments, 
while Indians or Slavs as racial groups, or people of sixty as 
an age group, would have a similar, although not identical, 
temperament. 

The treatment of illnesses also depends upon these factors. 
In Islamic medicine, all foods and drugs are classified accord- 
ing to their quality—that is, hot, cold, etc.—and also accord- 
ing to their potency. Thus a person with a choleric tempera- 
ment usually needs food and drugs with a dominance of the 
cold and moist qualities, to counterbalance the heat and dry- 
ness of yellow bile. The same food or drug, however, would 
have the opposite effect upon a person of phlegmatic tempera- 
ment. In this manner, pharmacology, following the theories 
of medicine, divided all drugs according to their qualities. 
The whole range of dietary habits of the Islamic countries 
has become established according to this theory, so that in a 
normal meal the various qualities and natures are well 
balanced. 

In its attempt to view man as a whole, as a single entity 
in whom body and soul are united, and in seeking to relate 
man to the total cosmic environment in which he lives, Is- 
lamic medicine has remained faithful to the unifying spirit 
of Islam. Although originating from the older medical tradi- 
tions of Greece, Persia and India, Islamic medicine, like so 
many other pre-Islamic sciences, became profoundly Is- 
lamized, and penetrated deeply into the general structure of 
Islamic civilization. To this very day, its theories and ideas 
dominate the daily dietary habits of the Islamic people; they 
still serve as the framework for a unifying vision of man, as 
an entity in whom body and soul are closely intertwined, and 


17 Avicenna in Schroeder, Muhammad's People, pp. 783-786. 
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in whom the state of health is realized through harmony and 
equilibrium. Since these ideas are all closely akin to the Is- 
lamic view of things, they have aided in making this tradition 
of medicine one of the most widespread and enduring sci- 
ences cultivated in the bosom of Islamic civilization during 
its history. 


CHAPTER EIGHT 


IHE SCIENCES OF MAN 


THE MUSLIM MIND occupied itself not only with the sci- 
ences of Nature, with mathematics, and with philosophy and 
metaphysics, but also with the sciences of man, with anthro- 
pology in the most general sense of that term. Man was 
studied by the Muslims in his social and political setting; his 
diverse activities were scrutinized with an objective eye, which 
sought to observe before it judged. Historians such as al- 
Tabari and al-Mas-üdi devoted many pages to what must be 
regarded as a scientific study of the human state. Similarly, 
the authors of “The Nations and Their Beliefs" (al-Milal wa?l- 
nihal), who were the founders of the study of comparative 
religion—men like «Abd al-Latif al-Baghdadi and al-Shahris- 
tani—were students of an essential aspect of man's life, ex- 
pressed in his cults and religious beliefs. The many manuals 
of social ethics, as well as the ethical poetry of men like 
Sa«di, likewise reflect the science of human nature in exquisite 
literary forms, which have made them a lasting element in 
the life of every educated Muslim. 

The study of human society and of history on a large scale 
was carried to its perfection by Ibn Khaldün, whose clas- 
sification of the sciences we have already mentioned. In the 
hands of this famous "philosopher of history," the rise and 
fall of nations and the interaction between the nomadic and 
sedentary elements of human society were studied in the light 
of the natural as well as the relígious, ethnical and social fac- 
tors that determine the structure of all human civilizations. 
Ibn Khaldün meditated upon the human condition considered 
from the standpoint of the general tendencies and trends gov- 
erning human society, and the effect of these dominant po- 
litical and social forces on the life of man. 
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The scholar who studied man most objectively, and in a 
ay provided the kind of materials upon which Ibn Khaldün 
could base his general observations of human history, was - 
al-Birüni, whom we have already met as an astronomer. 

-Biriini made a study of both Islamic and Indian society; 
it was about the latter that he wrote his memorable India, 
a work that is without question one of the most scientific and 
objective studies of man and his society made in medieval 
times, at a time when, in the Western world, such studies did 
not pass beyond the level of chronicles. As E. C. Sachau, 
who translated both the India and the Chronology of Ancient 
Nations into English, and who was most responsible for in- 
troducing al-Birüni to the Western world, wrote: 


2 


Apparently Alberuni felt a strong inclination towards Indian 
philosophy. He seems to have thought that the philosophers 
both in ancient Greece and India, whom he most carefully and 
repeatedly distinguishes from the ignorant, image-loving crowd, 
held in reality the very same ideas, the same as seem to have 
been his own, i.e. those of a pure monotheism; that, in fact, 
originally all men were alike pure and virtuous, worshipping 
one sole Almighty God, but that the dark passions of the crowd 
in the course of time had given rise to the difference of religion, 
of philosophical and political persuasions, and of idolatry.* 


Al-Birüni was a man of clear and determined thought, 
who sought with sincerity and courage after the truth, 
wherever he found it. To quote Sachau again: ' 


He is a stern judge both of himself and of others. Himself 
perfectly sincere, it is sincerity which he demands from others. 
Whenever he does not fully understand a subject, or only 
knows part of it, he will at once tell the reader so, either 
asking the reader's pardon for his ignorance, or promising, 
though a man of fifty-eight years, to continue his labours and 
to publish their results in time, as though he were acting under 
a moral responsibility to the public. He always. sharply draws 
the limits of his knowledge; and although he has only a 
smattering of the metrical system of the Hindus, he communi- 
cates whatever little he knows, guided by the principle that 
the best must not be the enemy of the better, as though he were 
afraid that he should not live long enough to finish the study 
in question. He is not a friend of those who hate to avow their 


1 Alberuni’s India, 1, preface, p. xviii. 
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ignorance by a frank “7 do not know,” and he is roused to 
strong indignation whenever he meets with want of sincerity.? 


Al-Birüni himself opens his own preface to the India with 
an evaluation of the various types of evidence upon which 
the studies of man and his society and history are based: 


No one will deny-that in questions of historic authenticity 
hearsay does not equal eye-witness; for in the latter the eye of 
the observer apprehends the substance of that which is ob- 
served, both in the time when and in the place where it exists, 
whilst hearsay has its peculiar drawbacks. But for these, it 
would even be preferable to eye-witness; for the object of eye- 
witness can only be actual momentary existence, whilst hearsay 
comprehends alike the present, the past, and the future, so as 
to apply in a certain sense both to that which is and to that 
which is not (i.e. which either has ceased to exist or has not yet 
come into existence). Written tradition is one of the species of 
hearsay—we might almost say, the most preferable. How could 
we know the history of nations but for the everlasting monu- 
ments of the pen? 

The tradition regarding an event which in itself does not 
contradict either logical or physical laws will invariably de- 
pend for its character as true or false upon the character of 
the reporters, who are moved by the divergency of interests 
and all kinds of animosities and antipathies between the various 
nations. We must distinguish different classes of reporters. 

One of them tells a lie, as intending to further an interest of 
his own, either by lauding his family or nation, because he is 
one of them, or by attacking the family or nation on the oppo- 
site side, thinking that thereby he can gain his ends. In both 
cases he acts from motives of objectionable cupidity and 
animosity. 

Another one tells a lie regarding a class of people whom he 
likes, as being under obligation to them, or whom -he hates, 
because something disagreeable has happened between them. 
Such a reporter is near akin to the first-mentioned one, as he 
too acts from motives of personal predilection and enmity. 

Another tells a lie because he is of such a base nature as to 
aim thereby at some profit, or because he is such a coward as 
to be afraid of telling the truth. 

Another tells a lie because it is his nature to lie, and he can- 
not do otherwise, which proceeds from the essential meanness 
of his character and the depravity of his innermost being. 

Lastly, a man may tell a lie from ignorance, blindly follow- 
ing others who told him. 


2 Ibid., I, preface, p. xx. 
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If, now, reporters of this kind become so numerous as to 
represent a certain body of tradition, or if in the course of 
time they even come to form a consecutive series of communi- 
ties or nations, both the first reporter and his followers form 
the connecting links between the hearer and the inventor of 
the lie; and if the connecting links are eliminated, there re- 
mains the originator of the story, one of the various kinds of 
liars we have enumerated, as the only person with whom we 
have to deal. 

That man only is praiseworthy who shrinks from a lie and 
always adheres to the truth, enjoying credit even among liars, 
not to mention others. 

It has been said in the Koran, "Speak the truth, even if it 
were against yourselves" (Süra, 4, 134); and the Messiah ex- 
presses himself in the Gospel to this effect: "Do not mind the 
fury of kings in speaking the truth before them. They only 
possess your body, but they have no power over your soul" 
(cf. St. Matt. x. 18, 19, 28; St. Luke xii. 4). In these words 
the Messiah orders us to exercise moral courage. For what the 
crowd calls courage—bravely dashing into the fight or plung- 
ing into an abyss of destruction—is only a species of courage, 
whilst the genus, far above all species, is to scorn death, 
whether by word or deed. 

Now as justice (i.e. being just) is a quality liked and coveted 
for its own self, for its intrinsic beauty, the same applies to 
truthfulness, except perhaps in the case of such people as never 
tasted how sweet it is, or know the truth, but deliberately 
shun it, like a notorious liar who once was asked if he had 
ever spoken the truth, and gave the answer, "If I were not 
afraid to speak the truth, I should say, no." A liar will avoid 
the path of justice; he will, as matter of preference, side with 
oppression and false witness, breach of confidence, fraudulent 
appropriation of the wealth of others, theft, and all the vices 
which serve to ruin the world and mankind.? 


As for his own competence in writing a work on the 
Hindus and their civilization, he is fully aware of his short- 
comings, for he writes: 


In order to please him [referring to a friend who had read 
previous works on India and was not satisfied by them] I 
have . . . written this book on the doctrines of the Hindus, 
never making any unfounded imputations against those, our 
religious antagonists, and at the same time not considering it 
inconsistent with my duties as a Muslim to quote their own 


3 Ibid., I, pp. 3-5. 
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words at full length when I thought they would contribute to 
elucidate a subject. If the contents of these quotations happen 
to be utterly heathenish, and the followers of the truth, i.e. 
the Muslims, find them objectionable, we can only say that 
such is the belief of the Hindus, and that they themselves are 
best qualified to defend it.* 


The author of the India had a great deal of difficulty mak- 
ing this first-hand study of Hinduism, although he sought 
every opportunity to do so during the long period of his stay 
in that country. Accompanying Mahmüd of Ghazna in his 
conquest of India and spending a good many years in the 
northern regions of that country, al-Birüni had many oppor- 
tunities to study the diverse facets of the Hindu tradition 
from first-hand sources. But this was a time when the po- 
litical situation discouraged amicable relationships, and he 
did not find the Hindu scholars quite as willing to teach him 
their sciences as he was eager to learn from them. He men- 
tions his impressions of the Hindus with whom he came into 
contact, and of the sciences he acquired from them, in the 
course of his discussion of the causes for his difficulty in 
studying their civilization. In a passage which is a good 
example of his honest compilation and recording of observa- 
tions obtained in his study of man, in another society and in 
a different setting, he writes: 


In the fifth place, there are other causes, the mentioning of 
which sounds like a satire—peculiarities of their national char- 
acter, deeply rooted in them, but manifest to everybody. We 
can only say, folly is an illness for which there is no medicine, 
and the Hindus believe that there is no country but theirs, no 
nation like theirs, no kings like theirs, no religion like theirs, 
no science like theirs. They are haughty, foolishly vain, self- 
conceited, and stolid. They are by nature niggardly in com- 
municating that which they know, and they take the greatest 
possible care ta withhold it from men of another caste among 
their own people, still much more, of course, from any for- 
eigner. According to their belief, there is no other country on 
earth but theirs, no other race of man but theirs, and no cre- 
ated beings besides them have any knowledge or science what- 
soever. Their haughtiness is such that, if you tell them of any 
science or scholar in Khurasan and Persis, they will think you 
to be both an ignoramus and a liar. If they travelled and mixed 
with other nations, they would soon change their minds, for 


4 Ibid., I, p. 7. 
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their ancestors were not as narrow-minded as the present gen- 
eration is. One of their scholars, Varahamihira, in a passage 
where he calls on the people to honour the Brahmans, says: 
"The Greeks, though impure, must be honoured, since they 
were trained in sciences, and therein excelled others. What, 
then, are we to say of a Brahman, if he combines with his 
purity the height of science?" 

In former times, the Hindus used to acknowledge that the 
progress of science due to the Greeks is much more important 
than that which is due to themselves. But from this passage 
of Var&hamihira alone you see what a self-lauding man he is, 
whilst he gives himself airs as doing justice to others. At first 
I stood to their astronomers in the relation of a pupil to his 
master, being a stranger among them and not acquainted with 
their peculiar national and traditional methods of science. On 
having made some progress, I began to show them the ele- 
ments on which this science rests, to point out to them some 
rules of logical deduction and the scientific methods of all 
mathematics, and then they flocked together round me from 
all parts, wondering, and most eager to learn from me, asking 
me at the same time from what Hindu master I had learnt those 
things, whilst in reality I showed them what they were worth, 
and thought myself a great deal superior to them, disdaining 
to be put on a level with them. They almost thought me to be 
a sorcerer, and when speaking of me to their leading men in 
their native tongue, they spoke of me as the sea or as the water 
which is so acid that vinegar in comparison is sweet. 

Now such is the state of things in India. I have found it 
very hard to work my way into the subject, although I have 
a great liking for it, in which respect I stand quite alone in 
my time, and although I do not spare either trouble or money 
in collecting Sanskrit books from places where I supposed 
they were likely to be found, and in procuring for myself, 
even from very remote places, Hindu scholars who understand 
them and are able to teach me. What scholar, however, has 
the same favourable opportunities of studying this subject as I 
have? That would be only the case with one to whom the 
grace of God accords, what it did not accord to me, a per- 
fectly free disposal of his own doings and goings; for it has 
never fallen to my lot in my own doings and goings to be 
perfectly independent, nor to be invested with sufficient power 
to dispose and to order as I thought best. However, I thank 
God for that which he has bestowed upon me, and which must 
be considered as sufficient for the purpose. 

The heathen Greeks, before the rise of Christianity, held 
much the same opinions as the Hindus; their educated classes 
thought much the same as those of the Hindus; their common 
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people beld the same idolatrous views as those of the Hindus. 
Therefore I like to confront the theories of the one nation 
with those of the other simply on account of their close rela- 
tionship, not in order to correct them. For that which is not 
the truth (i.e. the true belief or monotheism) does not admit 
of any correction, and all beathenism, whether Greek or 
Indian, is in its pith and marrow one and the same belief, 
because it is only a deviation from the truth. The Greeks, how- 
ever, bad philosophers who, living in their country, discovered 
and worked out for them the elements of science, not of popular 
superstition, for it is the object of the upper classes to be guided 
by the results of science, whilst the common crowd will always 
be inclined to plunge into wrong-headed wrangling, as long 
as they are not kept down by fear of punishment. Think of 
Socrates when be opposed the crowd of his nation as to their 
idolatry and did not want to call the stars gods! At once 
eleven of the twelve judges of the Athenians agreed on a sen- 
tence of death, and Socrates died faithful to the truth. 

The Hindus bad no men of this stamp both capable and 
willing to bring the sciences to a classical perfection. Therefore 
you mostly find that even the so-called scientific theorems of 
the Hindus are in a state of utter confusion, devoid of any 
logical order, and in the last instance always mixed up with 
the silly notions of the crowd, e.g. immense numbers, enormous 
spaces of time, and all kinds of religious dogmas, which the 
vulgar belief does not admit of being called into question. 
Therefore it is a prevailing practice among the Hindus jurare 
in verba magistri; and I can only compare their mathematical 
and astronomical literature, as far as I know it, to a mixture 
of pearl shells and sour dates, or of pearls and dung, or of 
costly crystals and common pebbles. Both kinds of things are 
equal in their eyes, since they cannot raise themselves to the 
methods of a strictly scientific deduction. 

In most parts of my work I simply relate without criticising, 
unless there be a special reason for doing so. I mention the 
necessary Sanskrit names and technical terms once where the 
context of our explanation demands it. If the word is an 
original one, the meaning of which can be rendered in 
Arabic, I only use the corresponding Arabic word; if, however, 
the Sanskrit word be more practical, we keep this, trying to 
transliterate it as accurately as possible. If the word is a 
secondary or derived one, but in general use, we also keep it, 
though there be a corresponding term in Arabic, but before 
using it we explain its signification. In this way we have 
tried to facilitate the understanding of the terminology. 

Lastly, we observe that we cannot always in our discussions 
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strictly adhere to the geometrical method, only referring to 
that which precedes and never to that which follows, as we 
must sometimes introduce in a chapter an unknown factor, the | 
explanation of which can only be given in a later part of the 
book, God helping us!5 


The study of man, and of human societies other than the 
Islamic, was not limited to al-Birüni, although his studies are 
unique for their penetration and conciseness. The vastness of 
the Islamic world, and the unity imposed upon it by a com- 
mon law, sacred language and cultural elements, facilitated 
travel to the farthest regions by both land and sea. The ac- 
counts of these travels, which vary greatly in quality, provide 
a precious source for the study of many different human so- 
cieties, as well as of. aspects of natural history and geography. 
There is hardly a region which some Muslim traveler did not 
visit, whether in Central Africa, in northern Europe or in the 
farthest confines of Asia. 

Among the Muslim travelers, none is as famous as Ibn 
Battütah, the eighth/fourteenth century Moroccan religious 
scholar from Tangiers, who set out on a piligrimage to Mecca 
without knowing that he was undertaking what was to be 
the greatest travel adventure up to the invention of modern 
means of communication. Ibn Battütah's journeys took him 
throughout North and East Africa, the Middle East, the In- 
dian Ocean, India, according to his own accounts to China and 
the East Indies as well as to Central Africa and the neighbor- 
ing Iberian peninsula. One can scarcely imagine such a. vast 
journey taking place at that time, a Moroccan reaching 
Isfahan or Delhi (where he was even appointed a judge). 
The accounts of these travels, later recorded and assembled 
upon his return to Tangiers, provide what is perhaps the most 
vivid and colorful picture of the life of the medieval Muslim 
traveler, as well as considerable knowledge of the state of 
Islamic society at that time, and also of the life of the non- 
Islamic countries that he visited. 

Ibn Battütah's account cannot be compared with those of 
al-Birüni from a scientific point of view; but it must be 
asserted that it is as colorful and as useful a source as 
al-Birüni's of the sciences of man, from the viewpoint of por- 
traying a true-to-life image of the medieval Muslim and his 
world. Ibn Battütah also provided one of the few Muslim 
sources about China and Chinese civilization which, since 


5 Ibid., I, pp. 22-26. 
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the Mongol invasion, had gained much closer contact with the 
Islamic world, in the arts as well as in the sciences.® 


The land of China is of vast extent, and abounding in 
produce, fruits, grain, gold and silver. In this respect there 
is no country in the world that can rival it. It is traversed by 
the river called the "Water of Life," which rises in some 
mountains, called the "Mountain of Apes," near the city of 
Kbàn-Báliq [Peking] and flows through the centre of China 
for the space of six months' journey, until finally it reaches 
Sin as-Sin [Canton]. It is bordered by villages, fields, fruit 
gardens, and bazaars, just like the Egyptian Nile, only that 
[the country through which runs] this river is even more richly 
cultivated and populous, and thexe are many waterwheels on it. 
In the land of China there is abundant sugar-cane, equal, nay 
superior, in quality to that of Egypt, as well as grapes and 
plums. I used to think that the *Othmàni plums of Damascus 
had no equal, until 1 saw the plu ms in China. It has wonderful 
melons too, like those of Khwürism and Isfahan. All the fruits 
which we have in our country are to be found there, either 
much the same or of better quality. Wheat is very abundant 
in China, indeed better wheat I have never seen, and the 
same may be said of their lentils and chick-peas. 

The Chinese pottery [porcelain] is manufactured only in 
the towns of Zaytün and Sin-kalàn. It is made of the soil of 
some mountains in that district, which takes fire like charcoal, 
as we shall relate subsequently. They mix this with some stones 
which they have, burn the whole for three days, then pour 
water over it. This gives a kind of clay which they cause to 
ferment. The best quality of [porcelain is made from] clay 
that has fermented for a complete month, but no more, the 
poorer quality [from clay] that has fermented for ten days. 
The price of this porcelain there is the same as, or even less 
than, that of ordinary pottery in our country. It is exported 
to India and other countries, even reaching as far as our own 
lands in the West, and it is the firrest of all makes of pottery. . . . 

The Chinese themselves are infidels, who worship idols and 
burn their dead like the Hindus. The king of China is a Tatar, 
one of the descendants of TinKiz [Chingiz] Khan. In every 
Chinese city there is a quarter fer Muslims in which they live 
by themselves, and in which they have mosques both for the 
Friday services and for other religious purposes. The Muslims 
are honoured and respected. The Chinese infidels eat the flesh 


6 Some Western scholars have doubteci whether Ibn Battütah ever visited 
China at all. But as H. A. R. Gibb, the translator of his travels into 
English, has pointed out in his Intreduction, these doubts raise more 
problems than they solve, and none of the reasons offered against them is 
sufficient to impugn their authenticity. 
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of swine and dogs, and sell it in their markets. They are 
wealthy folk and well-to-do, but they make no display either | 
in their food or their clothes. You will see one of their principal 
merchants, a man so rich that his wealth cannot be counted, 
wearing a coarse cotton tunic. But there is one thing that the 
Chinese take a pride in, that is gold and silver plate. Every one 
of them carries a stick, on which they lean in walking, and 
which they call “the third leg.” Silk is very plentiful among 
them, because the silk-worm attaches itself to fruits and feeds 
on them without requiring much care. For that reason it is 
SO common as to be worn by even the very poorest there. Were 
it not for the merchants it would have no value at all, for a 
single piece of cotton cloth is sold in their country for the 
price of many pieces of silk. It is customary amongst them 
for a merchant to cast what gold and silver he has into 
ingots, each weighing a hundredweight or more or less, and 
to put those ingots above the door of his house. 

The Chinese use neither [gold] dinars nor [silver] dirhams 
in their commerce. All the gold and silver that comes into their 
country is cast by them into ingots, as we have described. Their 
buying and selling is carried on exclusively by means of pieces 
of paper, each of the size of the palm of the hand, and stamped 
with the sultan's seal. Twenty-five of these pieces of paper are 
called a bàlisht, which takes the place of the dinar with us 
[as the unit of currency]. When these notes become torn by 
handling, one takes them to an office corresponding to our 
mint, and receives their equivalent in new notes on delivering 
up the old ones. This transaction is made without charge and 
involves no expense, for those who have the duty of making 
the notes receive regular salaries from the sultan. Indeed the 
direction of that office is given to one of their principal amirs. 
If anyone goes to the bazaar with a silver dirham or a dinar, 
intending to buy something, no one will accept it from him 
or pay any attention to him until he changes it for bdlisht, 
and with that he may buy what he will. 

All the inhabitants of China and of Cathay use in place of 
charcoal a kind of lumpy earth found in their country. It 
resembles our fuller's earth, and its colour too is the colour 
of fuller's earth. Elephants [are used to] carry loads of it. 
They break it up into pieces about the size of pieces of charcoal 
with us, and set it on fire and it burns like charcoal, only 
giving out more heat than a charcoal fire. When it is reduced 
to cinders, they knead it with water, dry it, and use it again 
for cooking, and so on over and over again until it is entirely 
consumed. It is from this clay that they make the Chinese 
porcelain ware, after adding to it some other stones, as we 
have related. 
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The Chinese are of all peoples the most skilful in the arts 
and possessed of the greatest mastery of them. This character- 
istic of theirs is well known, and has frequently been described 
at length in the works of various writers. In regard to portraiture 
there is none, whether Greek or any other, who can match 
them in precision, for in this art they show a marvelous talent. 
I myself saw an extraordinary example of this gift of theirs. 
I never returned to any of their cities after I had visited it a 
first time without finding my portrait and the portraits of my 
companions drawn on the walls and on sheets of paper 
exhibited in the bazaars. When I visited the sultan’s city I 
passed with my companions through the painters’ bazaar on 
my way to the sultan's palace. We were dressed after the 
‘Iraqi fashion. On returning from the place in the evening, 
I passed through the same bazaar, and saw my portrait and 
those of my companions drawn on a sheet of paper which 
they had affixed to the wall. Each of us set to examining the 
other's portrait [and found that] the likeness was perfect in 
every respect. I was told that the sultan had ordered them to 
do this, and that they had come to the palace while we were 
there and had been observing us and drawing our portraits 
without our noticing it. This is a custom of theirs, I mean 
making portraits of all who pass through their country. In 
fact they have brought this to such perfection that if a stranger 
commits any offence that obliges him to flee from China, they 
send his portrait far and wide. A search is then made for him 
and wheresoever the [person bearing a] resemblance to that 
portrait is found he is arrested. 

When a Muhammadan merchant enters any town in China, 
he is given the choice between staying with some specified 
merchant among the Muslims domiciled there, or going to a 
hostelry. If he chooses to stay with the merchant, his money 
is taken into custody and put under the charge of the resident 
merchant. The latter then pays from it all his expenses with 
honesty and charity. When the visitor wishes to depart, his 
money is examined, and if any of it is found to be missing, 
the resident merchant who was put in charge of it is obliged 
to make good the deficit. If the visitor chooses to go to the 
hostelry, his property is deposited under the charge of the 
keeper of the hostelry. The keeper buys for him whatever he 
desires and presents him with an account. If he desires to take 
a concubine, the keeper purchases a slave-girl for him and 
lodges him in an apartment opening out of the hostelry, and 
purveys for them both. Slave-girls fetch a low price; yet all 
the Chinese sell their sons and daughters, and consider it 
no disgrace. They are not compelled, however, to travel with 
those who buy them, nor on the other hand, are they hindered 
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from going if they choose to do so. In the same way, if a 
stranger desires to marry, marry he may; but as for spending 
his money in debauchery, no, that he may not do. They say 
*We will not have it noised about amongst Muslims that their 
people waste their substance in our country, because it is a 
land of riotous living and [women of] surpassing beauty." 

China is the safest and best regulated of countries for a 
traveller. A man may go by himself on a nine months' journey, 
carrying with him large sums of money, without any fear on 
that account. The system by which they ensure his safety is 
as follows. At every post-station in their country they have a 
hostelry controlled by an officer, who is stationed there with 
a company of horsemen and footsoldiers. After sunset or 
later in the evening the officer visits the hostelry with his 
clerk, registers the names of all travellers staying there for 
the night, seals up the list, and locks them into the hostelry. 
After sunrise he returns with his clerk, calls each person by 
name, and writes a detailed description of them on the list. 
He then sends a man with them to conduct them to the next 
post-station and bring back a clearance certificate from the 
controller there to the effect that all these persons have arrived 
at that station. If the guide does not produce this document, 
he is held responsible for them. This is the practice at every 
station in their country from Sin as-Sin to Khan-Baliq. In 
these hostelries there is everything that the traveller requires in 
the way of provisions, especially fowls and geese. Sheep, on 
the other hand, are scarce with them... .7 


7 Ibn Battütah, Travels in Asia and Africa, translated by H. A. R. Gibb 
(London: C. Rankedge & Sons, Ltd., 1929), pp. 282-296. Reprinted by 
Permission of Routledge & Kegan Paul Ltd., London. 


CHAPTER NINE 


THE ALCHEMICAL TRADITION 


ALCHEMY CONSIDERED IN ITS TOTALITY, and as it has been; 
understood and practiced throughout its long history, has to? 
do not only with the physical domain of existence but with 
the subtle or psychological and the spiritual domain as well. j 
Oné must distinguish between a spiritual alchemy, whose sub- 1 
ject matter is the soul and whose aim is its transformation, 
and a "physical" alchemy, which deals with various sub- 
stances, especially metals, and is employed by artisans and 
members of craft guilds. Both, however, make use of similar 
symbols and a common language; moreover, they are Cone ; 
nected by the nexus that binds together different domains of | 
existence. 1 

Among the famous alchemical writers, we find some who ; 
deal essentially with inner transformations, others with chemi- ; 
cal ones; yet a third group uses external operations as a sup- 
port for the inner transformations of the soul. For example, 
among Islamic alchemical works, al-raqi’s writings belong 
for the most part to the first category, Rhazes' to the second 
and Jàbir's mostly to the third, as will be seen in the selec- 
tions presented from their works later in this chapter. There 
are also instances of alchemical transformations performed: 
by spiritual masters—in the Islamic world by the Sufis— 
which have the character of a miraculous intervention, and 
must therefore be considered as separate cases within the 
tradition of alchemy. Alchemy, therefore, is not just a prelude 
to chemistry, although it is in part connected with it. If wë 
are searching solely for the origins of chemistry, we mus 
turn as much to technological sources as to alchemical trea 
tises, for in alchemy we find a science whose subject matte£ 
is the soul, as well as the mineral world. 

Yet, while keeping in mind the overall distinction betweeit 
alchemy as a science of the soul and alchemy as a prelude tO 
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chemistry, we must remember that ancient and medieval man 
did not separate the material order from the psychological 
and spiritual in the categorical manner that has become cus- 
tomary today. There was a "naiveness" in the mentality of 
premodern man which made it possible for him to "combine" 
the physical and psychological domains, and to see a deeper 
significance in physical phenomena than just plain facts. It is 
this belief in the multiple states of being, their interrelation- 
ships, and the possibility of moving from one level to another, 
that comprises the general matrix of the long tradition of 
alchemy whose origins extend back to prehistoric times. 

The basic symbols and principles of alchemy stem from 
the earliest periods of human history, and convey through 
their very concreteness the primordial character of this point 
of view. Ancient man, during the millennia before recorded 
history, considered metals to be a special class of beings, 
which did not belong to the natural environment of the 
"Adamic race." The earliest iron probably came from me- 
teorites which, in falling from the heavens, gave that metal 
special virtues and powers. Metallurgy in ancient times was 
seen as a kind of obstetrics, which removed from the womb 
of the earth the fruits that the earth had "conceived" and 
brought to maturation. The metallurgical guilds of Babylonia, 
India, and China—as among contemporary African tribes— 
developed special rites of initiation to protect themselves from 
the subtle power inherent in metals. They themselves were a 
group to be feared and respected by others, because of the 
power they had attained by virtue of their dominance over 
the mineral world. 

Alchemy as an explicitly defined discipline emerges at a 
much later period of history. Neither in the West nor in the 
Orient was the world-view of alchemy regarded as a science 
and a “philosophy of Nature" until about the time-of the 
birth of Christ. In the Western world, the birth of alchemy, 
as is well known, took place in Alexandria, where the cos- 
mological doctrines of the Egyptian tradition, attributed his- 
torically to Hermes or to Thoth, became formulated in the 
language of Greek philosophy. In fact, one can observe two 
early alchemical schools—one Egyptian, the other Neopla- 
tonic—connected, respectively, with Olympiodorus and 
Stephanos. 

Leaving aside Chinese and Indian alchemy, each of which 
POSsesses a vast literature of its own, as well as many cos- 
Mological doctrines resembling Western and Islamic alchemy, 
one may divide the schools of alchemy stemming from Alex- 
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andria, and later integrated into the esoteric aspects of Islam 4 
and Christianity, into four branches: Byzantine, Arabic and | 
Persian (Islamic), Latin and postmedieval. A 
The earliest texts of Alexandrian alchemy still extant are | 
Byzantine, and written in Greek. They are usually connected 1 
with the names of Zosimus, Bolos Democritus, the monk 4 
Cosmas and Nicephorus. The Hermetic collection is named 1 
for the Egyptian god Hermes Trismegistus, who is identified 
by alchemical writers, and by medieval philosophy in general | 
with the antediluvian prophet Enoch (in Hebrew) or Idris | 
(in Arabic); it contains the most important sources of Byzan- ` 
tine as well as of Arabic and Latin alchemy, and includes } 
such texts as the Perfect Sermon and the Theban Papyrus. | 
The famous Emerald Table, usually attributed to Hermes, is { 
however most likely of much later origin. 1 
In. Arabic or Islamic alchemy, which arose soon after the } 
rise of Islam in the first/seventh century, and has had a con- | 
tinuous tradition until today, there is a very large number of | 
texts, written during the past twelve centuries and dealing ` 
with all phases of the art. The most important corpus is that | 
of Jabir ibn Hayyan, the alchemist, who became the greatest ' 
authority on the subject, not only in the Islamic world but ; 
also in the West, where as “Geber” he became universally ac- |; 
cepted as the leading authority. 
By the sixth/twelfth century, following the translation of | 
alchemical texts from Arabic into Latin, interest in alchemy | 
grew in the Latin West, continuing into the seventeenth and | 
even eighteenth centuries. The earliest Latin text known is | 
the Turba Philosophorum, which was translated from the | 
Arabic; among the earliest students of alchemy who wrote : 
on the subject, one may mention Roger Bacon, Albertus I 
Magnus, Arnold of Villanova, Raymond Lully, and somewhat 
later, Nicolas Flamel. Lu 
Even after the end of medieval civilization, interest in. 
alchemy continued; in fact, a great deal of what had remained 
secret until then began to appear in writing. During this. 
phase, the local European languages—especially French, Ger- 
man, and English—became vehicles, along with Latin, for. 
the expression of alchemical ideas, a process which com* 
tinued into the seventeenth century. Among the famous ab 
chemists of this period one may name Paracelsus, Agrippa, 
“Basil Valentine,” and the Rosicrucians, Michael Maier and. : 
Robert Fludd. Hermeticism, of which alchemy is an "applica-:- 
tion,” was connected not only with the Kabbalah, but also | 
with the Rosicrucian movement in Germany and England. : 
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During the seventeenth century—even after the rise of the 
mechanical philosophy—many of the foremost philosophers 
and scientists of the age took an intense interest in alchemy: 
one need hardly mention the extensive writings of Newton 
on the subject. It was also in the seventeenth century that 
the remarkable German cobbler and theosophist, Jakob 
Boehme, was to express his gnostic visions in the language 
of alchemy. The alchemical and Hermetical tradition con- 
tinued to survive in England in the eighteenth century al- 
though by now its world view had been completely rejected 
in "official" scientific circles. Moreover, in the nineteenth 
century the few surviving students of alchemy journeyed to 
Fez in Morocco to renew their contact with the alchemical 
tradition. 

During this long history, the principles of alchemy remained 
nearly unchanged. Considered in its most essential meaning, 
alchemy has always been a spiritual science, concerned pri- 
marily with the transformation of the soul, and using as its 
support artisanal operations for the preparation of metals, 
as well as the symbolism of the mineral kingdom. The fact 
that the transformation of base metals into silver and gold 
is chemically impossible is precisely what shows thaf the 
domain of the soul is not based on the same strict physical 
laws as those of the material order. For the soul, by its 
encounter with the pure spirit, can liberate itself from its 
own “material” conditions—a liberation which has a miracu- 
lous character, such as the production of gold would express 
perfectly. 

It may then be asked how this spiritual science differs from 
mysticism, as it was understood in its medieval sense. Actu- 
ally, alchemy is related to mysticism, in that it has as its end 
the realization of the “Adamic state," or state of Paradise, 
and is therefore comparable to the "small mysteries" of an- 
tiquity, while mysticism (or, in Islamic terminology, Sufism 
Or gnosis) is comparable to the "great mysteries.” All spirit- 
ual techniques seek to awaken fallen man from the dream in 
Which he lives: he dreams continuously of his individual state 
Of being, and of the many forms through which the external 
World presents itself to him; he builds for himself a paradise 
of illusions, so as to forget the absence of God. To recover 
the vision of the spiritual world, the soul of man must “die” 
to.this dream, this ceaseless flow of images which fallen man 
Tegards as the normal, everyday state of his consciousness. 
Spiritual methods, therefore, seek to kill the dream, to break 

e flow of images either by asking—as among the followers 
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of the Vedanta, and certain schools of Sufism—the question j 
"Who am I?,” or by the invocation of one of the Divine 3 
Names, the central technique of Sufism, which has its paral- | 
lels in other traditions. : 

Alchemy, on the other hand, makes use of the dream itself, 4 
in order to transcend it. It enlarges the dream of the indi- j 
vidual soul to cosmic dimensions, breaking the prison of in- 1 
dividual existence by the love of the beauty of Nature. The ! 
dream of the individual soul becomes that of the World Soul, 1 
and the contents of this dream, hitherto merely the sensible j 
appearances of things, becomes virgin Nature in its original | 
purity. Man thereby recovers the relationship which existed | 
between Adam and all of creation, before that spiritual event 7 
which, in Christianity, is symbolized by the Fall. In the end, | 
when the base metal is transformed into gold, the alchemist | 
realizes that it is not he but the Divine Principle of the uni- | 
verse that is truly dreaming the cosmos. É 

In a more general sense, alchemy is a science that includes 
other elements than the spiritual. One may in fact distinguish, j 
in medieval times, three elements: a spiritual alchemy, which | 
is the most essential aspect of alchemy; a sort of chemistry, | 
which was expressed in alchemical terms, but which actually | 
belongs to the history of chemistry and technology; and a j 
vulgar alchemy, which really tried to make gold by purely | 
chemical means, and whose practitioners the medieval al- © 
chemists themselves called “charcoal burners" and “blowers.” 3 

Spiritual alchemy is not, however, merely a science of the ? 
human psyche, independent of the physical domain, as has 4 
been maintained by certain scholars. To totally separate the { 
soul or the psychic element from Nature would be to mis- % 
understand completely the alchemical point of view. The au- 
thentic alchemy is a “sacrificial science" of the materials of 
this earth—a science dealing with the transmutation of earthly 
elements, in which the material substance is ennobled, "made | 
sacred.” It thus regards the material aspect of things not as ; 
an independent and autonomous reality, but as the "con- } 
densation" of psychic and spiritual realities belonging to the 4 
higher orders of being. The alchemist seeks to know Nature § 
not in its own terms, but in the light of that which is superior ? 
to it. The medieval Liber Platonis Quartorum clearly ex- | 
presses the hierarchy in terms of which the alchemist seeks | 
knowledge of Nature: 3 


Know that the goal of the science of the Ancients is that 
from which all things proceed—the invisible and immobile 
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God, whose Will brings into being the Intelligence. From out 
of the Will and the Intelligence appears the Soul in its unity; 
from the Soul are born the distinct natures, which in turn 
generate the composed bodies. Thus one sees that a thing can 
be known only if one knows what is superior to it. The Soul 
is superior to ‘Nature, and it is by it that Nature can be known. 
The Intelligence is superior to the Soul, and it is by it that the 
Soul can be known. Finally, the Intelligence cannot but lead 
back to that which is superior—that is, to the One God who 
envelops it and whose Essence is imperceptible. 


When man penetrates the mysteries of Nature, the “facts 
of Nature” become transparent symbols, revealing the “di- 
vine energies” and the “angelic” state which fallen man has 
lost, and which he may recover only for a moment, as when 
he is enraptured by the beauty of music or of a lovely face. 
At such moments man forgets his limited self, his individ- 
ualistic dream, and participates in the cosmic dream, thus be- 
coming freed from the prison of his own carnal soul. For 
the alchemist, Nature becomes the body of the Logos, and the 
female aspect of the Divine Act. It is now a sacred, living 
body, an anthropos similar to the human microcosm, in which 
the “Divine Breath” is to be found everywhere as the animat- 
ing principle. For the alchemist, correspondences—such as 
that between the seven planets and the seven metals en- 
gendered in the earth by them; or the seven centers of life 
in the human body gravitating around the solar heart, and 
the seven notes of the musical scale that manifest the “silent 
music of Nature"—are so many incorporations, both macro- 
cosmic and microcosmic, of the same Divine Word. The al- 
chemist discovers, in that very Nature that veils God, the 
Nature that manifests Him. 

The work of alchemy is the spiritual integration and ab- 
Sorption of Nature; or, as Meister Eckhart says, the pre- 
Cipitation of substances in the Divine Paternity, for "the 
nature which is in God seeks nothing but the image of God." 
The possibility of this transformation for the whole of Nature 
1s, however, at this moment of time far away, because crea- 
tion has fallen away from its original condition— Paradise or 
the Edenic state—and the reestablishment of what in Chris- 
tianity is called the “Celestial Jerusalem" is yet to come. 

erefore, the transformation of Nature can occur immedi- 
ately only in man's heart, which—as the instrument of 
Enosis—can "see" gold in the base metals. Alchemy, thus, 
Seeks to awaken in man a sense of Divine omnipresence, even 


248 SCIENCE AND CIVILIZATION IN ISLAM 


in the realm of matter, where one would least expect to look 
for it. 

From the alchemical point of view, therefore, the trans- 
formation of base metal into gold by the alchemist may be 
regarded as the counterpart of the transformation of a lost - 
soul by a saint. The alchemist who has become a master of 
his art “sees” in the base metal the possibility of its becoming 
“sanctified” —that is, of its becoming gold. Moreover, his vision 
is “operative,” as is that of the saint, who transforms the — 
lost soul, not only theoretically but effectively. 

While the alchemical tradition was still fully alive, the 
alchemist played the role of one who helped Nature, which 
is “suffocated” by the presence of fallen man, to “breathe - 
the Divine Presence,” and thus to be purified. Moreover, he 
awakened in the materials of this world their real nature, 
making from them the elixir which gives strength to the soul. 
He was, therefore, the real though hidden king of Nature, 
and its source of grace. His role was, to use the Christian 
terminology, “to celebrate analogically a mass, the materials 
of which would not only be bread and wine but the whole 
of nature," 

For the artisan every process, such as making transparent 
glass out of opaque substances, which ennobled matter, served 
as a “mass” in which a physical substance was made "sacred" 
and integrated into its spiritual prototype. In the mentality of 
the ancient and medieval craftsman the smelting of a black 
ore and its transformation into a shiny metal or the forma- 
tion of glass or other transparent objects as well as the mak- 
ing of things according to the principles of traditional art was 
an alchemical process in which matter was ennobled and 
made “sacred.” It was not only the transmutation of base 
metal into gold which comprised alchemy but, in a more gen- 
eral sense, every transformation of matter which, through a 
“spiritual presence,” ennobled and purified matter and made - 
it.a more direct and intelligible symbol of the spiritual world. - 

The alchemical texts, upon which most of our knowledge - 
of alchemy depends, were meant as supplements to a tradi- 
tion of oral teaching; alchemy remained always a secret art, 
taught only to those capable of understanding its principles 


` 1M. Aniane, “Alchimie, Yoga cosmologique de chrétienté médiévale," in 

Cahiers du Sud (Páris: Loga, 1953, p. 247. Much of this introduction 
on alchemy is indebted to this article and to the several articles of T. 
Burckhardt in Etudes Traditionnelles, as well as to his Alchemie, Sinn 
und Weltbild (Olten: Walter-Verlag, 1960). 
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and worthy of being initiated into its mysteries. The texts 
taken by themselves, are therefore usually abstruse and often 
incomprehensible; the study of them alone cannot reveal the 
processes and methods of alchemy and much of what con- 
cerns the technical operations of this art remains unknown 
to us. 

Alchemy, however, also has a "philosophy of Nature,” 
which we can come to know and which remains of primary 
importance today, even though the alchemical procedures 
cannot be known exactly. All the schools of alchemy shared 
a particular view of the cosmos: a view which served as back- 
ground for both spiritual and artisanal alchemy. Alchemy, as a 
cosmological science of Alexandrian origin, was like a crystal 
which, when brought into the light of the living esotericism 
of Islam and Christianity, began to glow with great brilliance. 
Its integration into Islam and Christianity—like that of its 
sister art, astrology—was to result in certain transformations 
of its formulations, but the principles of its spiritual vision of 
Nature were to persist. Alchemy was to provide first of all, a 
complete language for the processes of the soul's transforma- 
tion from its chaotic state to its final illumination, those 
processes of transformation which al-Ghazzali and Ibn 
‘Arabi, in fact, call the “alchemy of happiness.” Secondly, 
the symbolism of alchemy became integrated into the craft 
initiations in both Islam and Christianity, enabling the medi- 
eval artisan to derive spiritual benefit from manual work: 
the transformation of amorphous things into objects of art 
became the external support for the inner transformation of 
the craftsman. 

In the Christian world, which provided the background for 
Western alchemy (to be discussed later), Hermeticism, of 
which alchemy was a branch, became a complement of 
Christianity up to the Gothic period. Christianity is based 
on the hatred of the flesh and the world. It neglects the 
world because its aim is not to install man in the world but 
to make him leave it. Hermeticism became an application of 
Christianity to the “psychocosmic” domain, so that with its 
aid Christianity could become incarnated in a totality govern- 
Ing all aspects of a civilization. Hermeticism, by giving the 
crafts, the arts and sciences and heraldry their character of 
“small mysteries,” integrated the various orders of society 
into the “greater mysteries” of Christianity. Moreover, it pro- 
vided a sacred conception of Nature which was absent from 
Christianity—particularly from Thomistic theology which, in 
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“secularizing Nature" eventually provided the background 
for the separation of the natural sciences from the context of 
Christianity. 

Between the alchemy of the medieval period and modern 
chemistry there is a continuity of subject matter, and per- 


of view and ultimate objective, however, there is an abyss 
between them. In alchemy, Nature is sacred; all the opera- 


soul of the alchemist himself, by virtue of the analogy between ` 
the microcosm and the macrocosm. Chemistry, on the contrary, 
could come into the foreground only after the substances 
with which alchemy dealt were deprived of their sacred char- 
acter, so that operations upon them affected only the sub- 
stances. 


Like many other traditional sciences, but unlike modern ` 
chemistry, alchemy is symbolic; it is based on the adage at- : 


tributed to Hermes, that "that which is lowest symbolizes 
that which is highest’—-which means that the sensible and 
immediate aspects of things symbolize the highest domain, 
that of the Intellect, which lies above the intermediate domain 
of individual human faculties, such as discursive reason. Sci- 
ences based on the sensible domain are therefore capable of 
intellectual applications of the highest order, "intellectual" 
here meaning not only “rational,” but “based on the universal 
Intellect," whose knowledge is immediate, not indirect. 


haps some similarity of certain techniques; as to their point - 


tions performed upon it therefore have an effect upon the : 
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In medieval times, the study of alchemy was closely al- 
lied with that of astrology. In fact, one may describe the two 


subjects as complementary, the one dealing with heaven, the 
other with the earth, as these terms are understood in their 
cosmic sense. Astrology is based on the Zodiac and the 
planets, alchemy on the elements and metals. The Zodiac 
is the world of archetypes, hiding and at the same time re- 


vealing that Pure Being that lies beyond it and above the cos- | 


mos. The planets are so many “material” modes of the cosmic 
intelligence, forming in a descending order the intermediary 
domains between Being and becoming; astrology is the path 
of descent from the essential and superior pole of the cosmos 


to the substantial and inferior pole. Alchemy, on the contrary, .: 
begins “from below" with the substance or materia prima that : 


is the inferior pole of the cosmos, and builds by ascent to- 
ward the superior pole. It deals with the four qualities—the 
basic polarizations of Nature—and with the seven metals 
commonly used in antiquity. The metals may be called "in- 
telligent" modes of terrestrial matter, just as the seven visible 
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planets are "material" modes of the heavenly intelligences. 
Between them lie the various degrees of cosmic existence. 
Seven symbols, the same for both metals and planets, pro- 
vide the meeting place for the alchemical and astrological 
perspectives: the metals are the "signs" of the planets on 
earth, generated in the earth's bosom through planetary 


influences. 
b 2 gd o 9 8 D 
Saturn Jupiter Mars Sun Venus Mercury Moon 
lead tin iron gold copper quicksilver silver 


These symbols are made up of three basic parts. The circle 
O, which symbolizes the active, male principle, identified 
with sulfur; the semicircle >, which symbolizes the female, 
passive principle, identified with mercury; and the cross 
+, symbolizing the four qualities or elements, which typify 
all “material” differentiation. Gold, therefore, corresponds to 
the Essence or sulfur, and silver to the Substance, or mercury. 
Only in the gold symbolized by the circle is everything inte- 
grated into the archetype; all the other metals are more or 
less “peripheral,” reflecting the transcendent model only par- 
tially and extrinsically. Gold and silver, the two noble metals, 
may be regarded as the “static” aspects of the sulfur and mer- 
cury principles; chemical sulfur ¢ and quicksilver, 8, how- 
ever, are the “dynamic” aspects of these same principles, as 
is shown by the fiery, igneous quality of sulfur, and the slip- 
pery, gliding quality of quicksilver (or mercury). 

As for the other metals, those whose signs contain the 
semicircle have a predominance of the mercury principle, 
while those with a circle have a greater amount of sulfur. The 
position of these symbols with respect to the cross determines 
the internal structure of the metal. For example, in the sym- 
bol for lead, ^, the semicircle is dominated by the cross; 
this metal, therefore, is most “chaotic,” because the “chaos” 
of a virtual differentiation has neutralized the mercurial sub- 
Stance. In the symbol for copper, 9, on the other hand, the 
sulfur dominates the differentiation, so that copper is more 
Stable than lead, although of course it still falls short of the 
Inner stability of gold. As for iron, @, the arrow, which plays 
the role of the cross, dominates the sulfur principle, so that 

s metal is also chaotic and greatly coagulated, even though 
rich in sulfur. 

Only in the symbol for quicksilver, 8, are all three sym- 
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bolic elements present; here the three principles coexist with. 
out absorbing one another. The semicircle or lunar principlé 
cannot entirely dominate the cross of "material" differentia- 
tion without causing dissolution because of the “volatilizin 
character of mercury. Sulfur, on the other hand, does n 
necessarily dissolve the contrasts in the materia, because af 
the “forming” action it exhibits, by virtue of which it gives 
form to things. The hierarchical position of the three symbols 
shows the dominance of the mercury principle over the 
others. Since this principle by virtue of its passivity cor- 
responds to the receptive substance, the symbol for quick 
silver becomes the logical image of the cosmic substance, 
which contains all forms. The use of quicksilver in crafts to 
assimilate other metals may be regarded as a physical ap- 
plication of this principle. 3 

Sulfur and mercury, the active and passive principles, aré 
related to the four qualities in the following manner (Figure 1): 
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Those qualities which belong to both the corporeal and the 
subtle or psychic domain are shared by sulfur and mercury, 
in such a way that there is always both repulsion and attrac- 
tion between them. The elements which comprise the four 
basic natures possess both a contrasting character, which re- 
sists all synthesis, and a complementarity which makes this 
synthesis possible. Both sulfur and mercury, the male and fe- 
male principles, seek to reach their common supreme arche- 
type. They therefore tend to diverge from each other, at the 
same time as they are attracted to one another. The union of 
man and woman, sulfur and mercury, spirit and soul, of the 
Divine Act and Universal Nature—all of which signify the 
same cosmic principles, acting at various levels of existence— 
reconstitute the image of the transcendent model from which 
all cosmic polarities originate. In the mineral kingdom, gold 
symbolizes the perfect wedding of these principles, toward 
which all the other metals tend. 

The alchemical work of which the texts speak so often may 
be regarded, both microcosmically and macrocosmically, as 
the effort to emulate Nature and to overcome those obstacles 
which negative cyclic conditions have placed in the way of 
that work. “Horizontally,” it deals with the tension of the 
contraries, the attraction and repulsion, the “love” and “hate” 
which characterize both the human and the cosmic domains; 
“vertically,” it integrates cosmic manifestation into its Divine 
Principle. Microcosmically, the alchemical work reestablishes 
the soul in its primordial condition, the state (in Arabic 
called al-fitrah) in which the soul is like gold, in perfect 
equilibrium, pure and incorruptible. This work, whether it be 
inward or outward, is achieved by dissolving things into the 
materia and then “regenerating” them, according to the order 
of the formal world—that is, first reducing things to the 
materia prima which symbolizes the inferior or substantial 
pole of the cosmos, and then transforming them into higher 
and more perfect states. 

_ The materia prima is also the substance of the soul, which 
lies hidden in its bosom and must be found, before the soul 
Can be transformed by the light of the Intellect. The “hidden” 
Stone of alchemy is the materia prima which is at once nega- 
tive, in as much as it is the source of multiplicity, and posi- 
tive, since it is the mirror in which the Essence or Divine 
Tinciple is reflected—the only way in which the Essence can 
known in the cosmic domain. The materia prima is given 
Many names, each corresponding to a different aspect of its 
Teality; for example, it is called the “sea” because it contains 
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all forms, “tree” because it bears the fruit of the alchemical]: 
work, “virgin” because it is pure, and "prostitute" because it. 
accepts all forms. Considered by itself, it is obscure and dark; 
it can be known only when it is identified with the forma 
which, by the achievement of perfection, reintegrates it into 
the Essence. 

The Hermetic “great work" is based on the rhythm of "so. 
lution" and "coagulation" (solve and coagula) which can 
also be understood as expansion and contraction, or compared 
with the two phases of the breath. From the point of view of 
cosmogony, the first step is the coagula, which gives birth to 
manifestation; then follows the solve, which returns mani- 
festation to the state of nonmanifestation. This process can 
also be discovered at any level of cosmic existence; in fact, 
what is condensation with respect to one pole of existence is 
always expansion with respect to the other pole. Every al- 
chemical “transmutation” is designed to "dissolve" what is 
“coagulated,” and to “coagulate” what is “dissolved,” these. 
being two aspects of the same process. As the medieval al- 
chemists said: “Dissolution of the body is fixation of the 
spirit." The alchemical work means the reversal of “ordinary” 
relations, and the reestablishment of the natural and pri- 
mordial harmony of parts; it also means bringing together 
the sulfur (which is the internal principle) with the mercury . 
(which is the external, subtle ambiance), in order to give’ 
birth to the salt (which symbolizes a new individual state); : 
The process of alchemy involvés bringing together the con-. 
trary qualities of expansion and contraction, fixation and solu» 
tion, in such a way that they compensate each other in perfect 
equilibrium. It is at the same time a "science of the balance,” . 
as explicitly set forth in Jabirian alchemy—a balance of the: 
tendencies of the World Soul into which the individual souk 
seeks to integrate itself—and the art of the marriage of cos 
mic dualities, as symbolized by mercury and sulfur. 


d 


In many alchemical texts, the work is divided into two: 


phases. First, there is the mortification, or descent and dis- 
solution in the “waters,” the surrender to the Anima Mun 
—that is, the cosmos, regarded as the female principle, which 
devours her own son, the individual human state. This K 
marks the dominance of the female over the male, of thé, 
. moon over the sun, until the soul reaches that state of purity: 
and virginity in which it begins to reveal the Spirit that is its 
luminous source. In the second stage, the "son" is regen" 
erated: the Moon submits to the Sun, the female to the male 
The "son," or the soul of the alchemist, which in the first 
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stage was devoured by the cosmic "mother," now gains mas- 
tery over her, and by "philosophical incest" makes of his 
“mother” his "wife" and “daughter.” As the Turba Phi- 
losophorum puts it: “The mother generates the Son, and then 
the Son generates the mother, and kills her.” Modern psychol- 
ogists have interpreted these stages only psychologically, re- 
garding the dissolution of the soul into the state of purity as 
a disintegration of the mind into the “unconscious.” All such 
interpretations are partial and incomplete, however, since 
they leave out of consideration the spiritual element illum- 
inating the psyche, and standing above both the psychic and 
the physical domains. 

In other texts, the alchemical work is divided into three 
steps: the work of “the black" (nigredo), the work of "the 
white (albedo), and the work of "the red," which itself is 
divided into (citrinitas) and (iosis). In the work of "the 
black," man detaches himself from the cosmic illusion, and 
plunges into the cosmic ocean, here regarded as female. This 
phase of the alchemical work is a kind of death, a "descent 
into hell.” It is the preparation of the mercury, the subtle 
materia of the world. By this detaching himself from mental 
and physical activities, man becomes like the surface of calm 
water as he is absorbed into the materia prima. This absorp- 
tion is exactly the reverse of the cosmogony of the Book of 
Genesis: it is the dissolution of a formal and created state 
into formless "waters." At this point, man perceives his body 
and Nature as aspects of the cosmic "play," upon which he 
no longer projects his own individuality. The mental state, 
Which from the point of view of cosmogony had been a "'co- 
agulation" of the World Soul, is now reabsorbed into the 
Soul. Man returns to the root of matter, to the subtle mer- 
Cury, in order to make it the source of his regeneration. This 
"descent into hell," to which reference is made in the phrase 
Visita Interiora Terrae Rectificando  Invenies Occultum 
Lapidem ("visit the interior parts of the earth; in refining 
them, thou shalt find the hidden stone.”),? is often symbolized 
as a nocturnal journey under the sea, like that of Jonas in his 
€ncounter with the monster. This monster is the Ouroboros, 
the serpent biting its own tail, who is the guardian of the 
latent energy present in the materia. 

In the work of "the white," the alchemist uses the subtle 
aspects present potentially in the materia, in order to reach 


? Note that the first letters of the Latin words, taken in that order, spell 
Out the ish word “vitriol.” 
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the light of the Intellect. By perceiving the subtle and not 
merely the gross aspects of Nature, he gains knowledge of the 
principles of the three kingdoms, and begins to understand 
the "language of the birds." Before him, the cosmic "matter" 
becomes transparent in the virgin purity of the World Soul, 
and he begins to see Nature "from within," in its Edenic 
purity. As Boehme says, in the De Signatura Rerum, "Para- 
dise is still on earth, but man is far away from it, so long as 
he is not regenerated." The work of "the white" is conse 
quently an intermediary stage, as silver lies between the base 
metals and gold. Just as white is the synthesis of all colors, 
so is the work of “the white" an integration, which prepares 
matter for its final spiritual transformation. 

The work of “the red" marks the final state of the purifica- 
tion of the soul, in which it is transformed into gold by the 
light of the Spirit shining through it. The fire in which the 
gold is made symbolizes the direct intervention of the tran- 
scendent Principle in the cosmic domain. This is therefore 
the stage of the ultimate "chemical marriage," in which sulfur 
“fixes” mercury, the Sun unites with the Moon, and the 
Spirit becomes wed to the soul. 

The alchemical work is, in effect, a copy of the “mode of 
operation" of Nature, which is that of a Divine power and a 
unique principle acting in the cosmos. Just as the art of al- 
chemy aids in the work of Nature, so too does Nature come 
to the aid of the art. When the sulfur and mercury principles. 
are awakened in the “amorphous state" of matter, they first 
manifest their contrasts; then, as they grow, they begin to 
embrace and complement each other. That is why the al- 
chemists say: “Nature disports itself with Nature; Nature con- 
tains Nature; and Nature is able to surmount Nature." Sulfur 
and mercury unite to form a superior state of being, in 
which their contrasts are integrated into a higher synthesis. 
Alchemy, which deals with the subtle domain as the prin- 
ciple of the corporeal, is an operation upon the materia per- 
formed in conformity with Nature, and not an act against ity 
the performance of this operation is in accordance with th 
power which governs the universe, it is based on the harmon 
between man and cosmos. Alchemy therefore offers a key t 
the understanding of that active-passive polarization whic 
.characterizes the cosmic domain at its psychic as well as at. 
its corporeal level of existence. Moreover, its symbolism caf: 
lead to knowledge of the spiritual domain, because of this 
analogy, both direct and inverse, between the various states of: 
being. z 
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It is not possible for us to formulate explicitly the methods 
used in the alchemical work, because the texts remain inten- 
tionally vague on the question of methods, becoming here 
even more abstruse than on other aspects, What is said here 
regarding methods must of necessity remain general. 

Alchemists used minerals not only for their physico-chem- 
ical reality, but as supports for meditation and contemplation, 
making use especially of such aspects of minerals as their 
color, transparency and other sensible characteristics—which 
since the time of Galileo and Descartes, have come to be 
known as "secondary qualities," and are usually left out of 
consideration altogether in modern physics and chemistry. 
The alchemist seeks to realize the cosmic dimensions of his 
own soul, as well as to purify and ennoble the cosmic “mat- 
ter"; these two functions are the complementary aspects of 
that single, spiritual transformation through which the 
alchemist himself becomes the “world-egg,” containing the 
philosopher's stone. 

The major instrument for this transformation is the “imag- 
ination"—the Latin imaginatio and Arabic khayal—which the 
alchemist sharply distinguishes from the fantasy with which 
it has become identified today. As the world is in the end 
nothing but the forms created by the "Divine Imagination," 
the "dream of the World Soul" (as Shakespeare says: “We 
are such stuff as dreams are made of"), so the faculty of the 
imagination in man is the instrument by which the alchemist 
"sees" the “subtle processes" of Nature and their divine 
archetypes. It is this faculty that perceives the symbolic 
aspects of space and time; it is that which the alchemists used 
to call "the star" in man, or which Paracelsus named astrum. 
Having penetrated the cosmic ambiance, and thus “de- 
ciphered" the cosmos, it reabsorbs it into the spiritual world. 
Fallen man sees the world only in its externality; the alchem- 
Ist sees Nature inwardly, in the dream of the World Soul. 

The alchemists—more generally speaking, the Hermeticists 
—consider Nature also to be the rhythm of the Divine 
Breath; in fact, Ibn ‘Arabi calls Nature the “Breath of the 
Compassionate." They undoubtedly made use of the human 
breath so as to realize the "Divine Respiration" within them- 
Selves. It is, however, difficult to discover exactly how this use 
of the breath was made to correspond to the rhythm of solu- 
tion and coagulation upon which the alchemical work was 
based. Nevertheless, the use of the breath in the techniques 
Of Laya-Yoga (which, as a branch of Tantrism, resembles 

ermeticism in so many ways) adds support to the belief that 
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the cycles of the human breath did play a major role in the 
methods of alchemy. 
In this brief statement of the general “philosophy of na- - 
ture" of alchemy, we have sought to indicate some of its gen- - 
eral principles, which pertain to both the spiritual and physi- . 
cal domains. Moreover, we have sought to show that alchemy ` 
in its highest meaning was a spiritual technique for liberating 
the soul from its material bonds by making it realize that the 
world is not a series of images and dreams of the individual 
psyche, but the dream of the Universal or World Soul, in 
which the human soul must participate. Alchemy was thus a 
way of awakening man from that illusion which he calls the 
“world” by means of the contemplation of the primordial - 
beauty of Nature and participation in the dream of the World 
Soul through the removal of the limitative barriers of the 
individual psyche. : 


A. Jabir ibn Hayyan 


The name of Jabir ibn Hayyàn—more especially, in its - 
Latin version, Geber—was, for many centuries, almost syt- — 
onymous with final authority in alchemy. Yet as we have . 
seen there is little known of the life of this remarkable | 
author (possibly, group of authors) who was responsible for 
the Jabirian corpus, that group of treatises linked with his 


name. 

Jabir was both a Shiite and a Sufi. He is in fact said to be & 
disciple of the sixth Shiite imam, Ja‘far al-Sadiq, who was. not- 
only the founder of the Twelver-Shiite school of law called the: 
Ja‘fari school, but also one of the chief authorities on all | 
esoteric knowledge. Jabir often writes that he is himself 
nothing but a spokesman for his master's doctrines and adopts - 
the method of symbolic and hermeneutic interpretation — 
(ta’wil) of things so common among the Shia. 


The large number of works bearing the name of Jabir has 
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cast some doubt upon the authenticity of some of them. Paul 
Kraus, the authority on Islamic science who made a special 
study of the Jabirian Corpus, has actually found that certain 
of these writings are by fourth/tenth century Ismailis. By 
and large, most of what is not by Jabir himself is by later 
alchemists, who followed his teachings closely. 

In fact there was very probably a kind of "society" or 
“fraternity,” which used his name for all of its writing. The 
name Jabir, therefore, not only refers to a historical person, 
but is also (like that of Vyasa in Hinduism, or of Hermes in 
Hermeticism) a symbol for an intellectual function and a 
point of view. It is in this sense both the proper name, and 
the name of the "archetype," of the Muslim alchemist. Conse- 
quently, one can safely refer to a Jabirian corpus, which ex- 
pounds a particular intellectual perspective of specific origin, 
even if all the works in it are not by Jabir himself. 

The numerous works in this Jabirian corpus deal with 
nearly every subject—from cosmology, astrology, and al- 
chemy, to music and the science of numbers and letters. In 
them, we can see the merging of certain esoteric aspects of 
Islam with Oriental Pythagoreanism, Hermeticism, and even 
elements from the Far East. They are important, both in- 
trinsically and for the understanding of medieval science as 
a whole. Unfortunately, despite the commendable efforts of 
Kraus, Ruska, Holmyard and Stapleton, only a fraction of 
these texts has so far been studied. 

The persons whom Jabir regarded as his authorities and 
sources, particularly in alchemy, are a strange mixture: Egyp- 
tian and Greek gods, such as Hermes and Agathodamon; 
philosophers, such as Pythagoras and Socrates; and certain 
other figures whose identity remains obscure. The alchemists, 
however, considered their wisdom to be universal and peren- 
nial, so that they did not hesitate to enlist among their sources 
certain persons who may seem to us to have nothing to do 
with alchemy. Jabir himself had definite ideas about the his- 
tory of alchemy, and about the authorities who had ex- 
pounded it through the ages; he writes: 


Know that successive philosophers have enabled the science 
of [alchemy] to profit from a long development, and have given 
it an extraordinary power, thus attaining their end. Arius 
[precursor of Hermes] was the first of those who devoted 


3 P. Kraus, Jabir ibn Hayyan (Cairo: Institut Français d'Archéologie Ori- 
*ntale, 1943), Vol. I. 
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himself to this art; starting with him, an uninterrupted tradition ` 
has come down to us, despite the distant epoch in which he | 
lived. Pythagoras, the most ancient of the known philosophers, 
used to say of him: "It was my father Arius who said that”— 
an expression like our way of calling Adam our “father.” In , 
the same way, philosophers living in a more recent epoch  * 
have had the habit of speaking of "our father Pythagoras," ' | 
conferring this title upon him because of his antiquity. This . ; 
Arius was the first who spoke in an allegorical language about | 
this art; it was he who applied to the Stone the first treatment. - 
He asserted that this method had been taught to him by his 
ancestors, passed on from one man to another until it finally 
reached him. Following him, philosophers also applied to the 
Stone this first treatment, down to the time of Socrates. After 
Socrates came those who simplified and modified the original 
treatment pretending that by only repeating they could reach 
the end. This simplification produced, in fact, several ad- 
vantages: the duration of the operation was shortened, and 
the operation itself made easier, and its use more general. . 
Understand this! Then came other philosophers who, upon — 
examining the second treatment, considered it too long. Know- 
ing that they were able, with the aid of the subtle art, to 
Shorten it even further, they invented an operation which is 
now called the third treatment. This third treatment occupies, 
with respect to the second, the same position as the second 
occupies with respect to the first. It is, therefore, the best of all 
the three. ... 

When these principles [the four natures] were mixed and 
combined, each of these accidents becoming attached to a 
body, someone [Arius] appeared and declared that man pos- 
sesses the ability to imitate the action of Nature. He gave an 
example of this. by reducing things to their primitive nature: 
he melted metals, and submitted them to perpetual coction, 
analogous to the perpetual and unchanging coction that Nature 
uses. He first constructed an instrument for melting, giving it 
a round shape similar to that of a sphere; then he put it ina . 
pipe, as one does with a hydraulic wheel, and made it turn . 
perpetually. In the ditch below the melting apparatus, he made : 
a lasting fire; then he put some lead into the apparatus and sub- : 
mitted it to coction until what came out was transformed into 
gold. In the same manner he proceeded with tin, iron, and  * 
copper until he had transformed them all; he did the same . 
with silver.* This was the first stage in the growth of the Art. 


4 Jābir is referring here, in the external meaning of his words, to the’ 
metallurgical practice of the melting of metals by means commonly used 

in the Middle Ages and antiquity. As for the gold, it most likely refers to 
the slight traces of it found in many ores. 
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The first master disappeared; another made his appearance, 
one possessed of extraordinary abilities. It was he who [first] 
prepared the lofty elixir . . . then he made efforts to abridge 
time required for its preparation, and succeeded in reducing 
it to one-tenth of what it had been originally. Continuing 
these efforts, he finally succeeded in reducing the time for 
preparation to one-hundredth.5 After that, new combinations 
and operations were discovered: some were legitimate; but 
there were likewise some without value, such as false and bad 
coins and all other exterior applications [this applies to the 
vulgar alchemy, to which reference has already been made]. 
By this, the later efforts of the philosophers became corrupted. 
Finally, the principle of the art was determined solely by the 
concurrences of the natures; it is by the weights, or the 
Balance, of the natures that one succeeds in knowing them. 
Therefore, he who knows their Balance, understands all the 
ways in which they behave, and the manner in which they 
are composed. 


As Jabir says, his method is based on the idea of the Bal- 
ance, by means of which the correct proportion of elements 
is reached. According to him, all alchemical work involves 
the establishment of the correct proportion of the qualities 
or natures—namely, hot, cold, moist and dry. . 


As for the second production, which is that of the Art: 
he who has acquired the knowledge of the necessary exercise . .. 
will choose first the Time in which he wants to compose some- 
thing, and then the Place; or he will choose first the Place, and 
then the Time. . . . After that, he will choose, in order to add 
the natures to a substance, a suitable quantity and a quality. ... 
Then he will fashion [with the substance] the one among the 
natures which is the strongest [that is, the most active], and 
Which will occupy the interior part of the body. (Beware of be- 
ginning by fashioning [the nature which is] outside, for that 
would be a grave mistake.) To this, he will add its counterpart 


5 Jabir is making an allusion to the “law of contraction of time,” i.e., the 
rop ogien doctrine that, as a cosmic cycle unfolds events become more 
Ta 


pid. 
SJabir ibn Hayyan, Kitab al-Saba‘in (The Seventy Books) in Mukhtar 
ras il Jabir ibn Hayyan, edited by P. Kraus (Cairo: Maktabat al-Khaniji, 
1354), pp. 463-464. This and several other works of Jàbir's have been 
Studies by P. Kraus in his Jabir ibn Hayyan, Vol. II (Cairo: Imprimerie 
de L'Institut Français d'Archéologie Orientale, 1942), pp. 58ff. Kraus's 
Ook is in French and was consulted by the author, although this and the 
ollowing translations are the author's own. 
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among the passive [natures]. Thus the outside is fashioned . . , 
conforming to the composition of the inside; in this way, the 
thing is produced, from non-being to being.” 


Proportion means, of course, relations expressed in num- 
bers; but here numbers are understood, not as pure quantity, - 
but in the Pythagorean sense, as ontological aspects of Unity, - 
The Balance of the qualities means the harmony of the vari- 
ous tendencies of the World Soul, which determines and 
orders the basic qualities. Jabir, like Pythagoras, relates this ` 
harmony to music; he writes: E 


A certain sage decided to bring back these [relations] to the 
imitation of musical ratios [in order to show] that the emana- 
tion from which the things [of the sublunary world] are derived 
is perfect, [at least] to the degree that it corresponds to the 
emanation dispensed by the stars and their [numerical] re- 
lationships. .. . 

This imitation of which the sage speaks leads to music, but 
it does not reproduce the noble and sublime ratio which exists 
between 1!4 and 1%, which leads to the ratio of two to one 
[referring to the series 1 : (1 + V^) : (1 + 14) : 2). This 
difference is due to the fact that the value of the first degree 
is doubtful. If we suppose that the second degree was four, 
the third six, and the fourth eight, the ratio could well have 
gone in this way. But the ratios could not have been perfect, 
since they contain four terms [degrees]: the terms of a perfect 
ratio are always three, that is, beginning, middle and end. This 
is the Trinity, which teaches us about Nature itself, and which 
is the sign of perfection. . . . | 

I therefore say: Given that there are four degrees, as has 
been said, and that [on the other hand, the ratio] which 
possesses the medium with the best equilibrium is the ternary, 
it follows that the degrees of the natures [which imitate the 
musical ratio] must necessarily be [limited to] three, that is, the 
degrees one, two and three, so that the balanced and perfect 
relations, one-and-a-half to one-and-a-third to two, are based 
on them. These are the ratios in equilibrium of [musical] 
rhythm, which do not tend to go beyond the limits. He who 
wants to establish the ratios between the natures and tbe 
degrees of the qualities, in the image of the ratios which exist 
between the planets, and in the first movement (as is said by : 
the astrologers, theurgists and philosophers), can easily do so. 
This is the basic principle.5 


7 Mukhtar ras@il, p. 454; Jabir ibn Hayyan, II, p. 102 for the French. 
LM ras@il, pp. 511-512; Jabir ibn Hayyàn, II, pp. 201-202 for tbe 
rench. | 
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The use of the balance in alchemy implies the existence of 
correct proportions of the qualities in metals. Each metal has 
two exterior and two interior qualities: for example, gold 
is inwardly cold and dry, outwardly hot and humid; silver is 
just the reverse—hot and humid inwardly, cold and dry out- 
wardly. Each quality has four degrees and seven subdivisions, 
or altogether twenty-eight parts. According to Jabir, every- 
thing in this world exists by the number 17, divided into the 
series 1:3:5:8. He assigns each of the twenty-eight parts of 
the qualities to one of the letters of the Arabic alphabet, and 
bases the four-fold division upon the series 1:3:5:8. The 
opposing natures of the metals are in the ratio of either 1:3 
or 5:8, or vice versa. 

Transmutation means the adjustment of the manifest and 
hidden aspects of a metal in order to reach the perfect pro- 
portion found in gold. This transmutation occurs by means of 
the Elixir, a substance from the mineral, plant or animal king- 
dom, the spiritual agent whose presence is necessary for the 
success of the transmutation. The numbers used by Jabir are 
intimately bound to the magic square shown (Figure 2), which, 
if divided gnomonically, gives the numbers 17 and 28 as well as 
the ratio 1:3:5:8. This well-known magic square—the Ming- 
Tang, according to which the provinces of ancient China 
were divided, and in whose central province (bearing the 
central number 5) the emperor resided—is essential to the 
arithmetical symbolism used by Jabir, and the numbers con- 
nected with it appear in many of his treatises. 

As part of his numerical symbolism, Jabir also gives several 
tables in which the value of each of the Arabic letters, de- 
pending upon its position in the Arabic name for each metal, 
is given in terms of the quantity of each of the four natures, 
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seven of the twenty-eight letters being assigned for each na- : 
ture. For example, lead in Arabic is called usrub; it consists 
of the Arabic letters alif (a), sin (s), rà (r) and bà (b) {the : 
short vowels do not appear in written form]. The alif which : 
appears first in the name symbolizes the heat in the lead; it is ` 
of the first degree, because of its position in the name. In . 
the table which Jàbir gives, heat in the first degree has a value : 
of 1% dirham (the traditional Arabic unit of weight). The : 
| Sin comes in the second degree and, having a dry quality, 
has a value of one dirham. In the same way, Jabir gives the . 
values of 1% dirham for heat, 1 for dryness, 1!4 for hu- 
midity and 9% for cold. A piece of lead of 1234 dirham : 
would therefore contain 1% dirham of heat, 9% of cold, 1 : 
of dryness and 144 of humidity. All lead, according to the : 
Jabirian theory, contains these same proportions of the na- : 
turés, no matter what its weight or size or any other external . 
features may be. These ratios correspond to the essential fea- | 
tures of lead, and are the only factors that truly distinguish ~v 
lead from another metal. To change the ratios of its natures .: 
would be to transmute the lead into another member of the : 
metallic species. ) g 

The four qualities, and the masculine and feminine prin- : 
ciples in terms of which Jabir explains the mineral domain, ` 
also form the basis of his elaborate cosmology; along with 
the balance and the harmony of symbolic numbers, they may 
be considered the principles of all Jabirian sciences. Jabirian 
alchemy itself is the establishment of equilibrium between the 
four natures and qualities, by means of the elixir symbolizing 
the presence of that spiritual principle that makes the har- 
mony of the elementary natures possible. 


The four principles that act on bodies which belong to the 
three kingdoms, influencing them and determining their tincture, 
are: fire, water, air and earth. There is no action in the three 
kingdoms which is not produced by these elements. That is why 
in this art [alchemy] we rely upon operations applied to [the 
four elements], strengthening the one among them that is too 
weak, or weakening that which is too strong—in short, correct- 
ing that which is deficient. Therefore, he who succeeds in 
manipulating the elements in the three kingdoms succeeds, by 
the same act, in acquiring knowledge of all things, and in 
understanding the science of creation and the art of Nature. 
Do not let yourself be hampered by any doubt, because the 
nature of every elixir is derived from the elements, and is 
constituted by them. It is by the elixir that we introduce a 
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nature which removes from the body the noxious nature 
existing in it. Thus, in something which possesses a surplus of 
the aqueous quality, one introduces fire and applies it to the 
degree necessary, without however allowing that thing to be 
consumed by the fire—which would add to its depredation. 
In this way, the body which is submitted to the action of fire 
reaches equilibrium and attains the desired state.? 


The establishment of the equilibrium or balance of which 
Jabir speaks depends upon the. reduction of the elements to 
their natures, from which the correct proportion of the quali- 
ties can be harmonized, according to the alchemical balance. 
For example: 


Water is poured into a cucurbit in which a substance possess- 
ing great dryness, such as sulfur, or something analogous to 
it, has been placed. Thus, the humidity of the water will be 
dried up by the dryness [of the sulfur], and by the heat [of 
the fire of distillation]. Humidity will be entirely burned out, 
and there will remain [of the water] isolated coldness. . . . 

As for heat and dryness, one proceeds in the same way as 
for humidity and cold: one takes the tincture, and extracts from 
it heat and dryness. The same is true for the earth, which is 
cold and dry: one takes it, and extracts dryness from it, and 
eliminates the cold.1° 


Jabir divided the materials with which alchemy deals into 
three classes, each having certain specific qualities, based on 
the predominance of one of the natures: (1) the “spirits” 
which become completely volatilized into fire; (2) the “metal- 
lic bodies,” which may be hammered, possess a luster, pro- 
duce a sound, and are not “mute,” like the “spirits” and 
“bodies”; (3) the “bodies” (mineral substances] which cannot 
be hammered, but can be pulverized. Moreover, the “spirits” 
are five in number: sulfur, arsenic, mercury, ammoniac and 
camphor; the metals include: lead, tin, gold, silver, copper, 
iron and kharsini (“Chinese iron"). 

There is little doubt that, in his classification of the min- 
erals, Jabir is referring to substances that have real meaning 
in terms of the physical aspects of things. The key to the 
understanding of these phenomena, however, is to be found, 
not in terms of their physical aspects, but in the light of the 
balance of the qualities, and in the harmony between the 


9 Mukhtàr ras@il, pp. 481-482; Jabir ibn Hayyan, Il, p. 7 for the French. 
10 Mukhtar rasáil, p. 413; Jabir ibn Hayyan, Il, p. 10 for the French. 
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inner and outer aspects of substances. Jabir, like the other 
alchemists, thus employs a language which applies to the 
psychic as well as to the physical domain. Even when consid- . 
ering materials in their physical aspects, he deals with them 
in such a way as to preserve the correspondence existing be- 
tween their psychic and physical states. 

An excellent example of Jabir’s approach is his sulfur- 
mercury theory of the constitution of minerals. This theory— 
which, if considered only from the physical point of view— - 
is the origin of the modern acid-base theory, was at one time 
attributed to the Latin Geber; it has been established, how- 
ever, that the Arabic Jabir had already fully outlined it. The 
sulfur-mercury principles which in each domain of manifesta- 
tion correspond to the active (or masculine) and passive (or 
feminine) principles became, from a chemical point of view, 
the acid and base through whose union a salt is formed. Al- 
chemically, this theory explains the masculine-feminine du- 
ality upon which all cosmic existence depends, and in terms 
of which all of the medieval cosmological sciences sought to 
explain the phenomena of Nature. 

Jabir writes, about the sulfur-mercury theory, that 


the metals are all, in essence, composed of mercury and coagu- 
lated with sulfur. . . . They differ from one another only be- 
cause of the difference of their accidental qualities, and this 
difference is due to the difference of their varieties of sulfur, 
which in turn is caused by variation in the earths, and in their 
expositions with respect to the heat of the sun in its circular 
motion.11 ; 

When mercury and sulfur combine to form one single sub- 
stance, it is thought that they have changed essentially, and 
that an entirely new substance has been formed. The facts are 
otherwise, however. Both the mercury and the sulfur retain 
their own natures; all that has happened is that their parts 
have become attenuated, and placed in close approximation 
P one another, so that to the eye the product appears uni- 
orm. 

If one could devise an apparatus to separate the parts of one 
sort from those of the other, it would be apparent that each 
of them has remained in its own permanent and natural form, 
and has not been transmuted or changed. We say, indeed, 


11 E. J. Holmyard (ed.), The Arabic Works of Jabir ibn Hayyán, Vol. I, 
Part One (Paris: P. Geuthner), p. 54; Kraus, Jabir ibn Hayyan, Il, p. 1 
for the French. 
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that such transmutation is not possible for natural philoso- 
phers.1? 


There are many passages in the writings of Jàbir which 
can be readily understood as chemical operations, without 
the need to unravel any complex alchemical symbolism, or 
to refer to the subtle domain. Besides the spiritual and 
psychological interpretations inherent in Jabirian alchemy, 
there is no doubt that Jàbir also had considerable knowledge 
of the physical properties of things, a knowledge which he 
acquired through observation and experience. As an example 
of this aspect of Jabirian alchemy, here is his description of 
the preparation of cinnabar or mercuric oxide: 


To convert mercury into a red solid [mercuric sulfide]: take 
a round glass vessel and pour a convenient quantity of mercury 
into it. Then take a Syrian earthenware vessel and into it put 
a little powdered yellow sulfur. Place the glass vessel on the 
sulfur and pack it round with more sulfur up to the brim. 
Place the apparatus in the furnace for a night, over a gentle 
fire . . . after having closed the mouth of the earthenware pot. 
Now take it out, and you will find that the mercury has been 
converted into a hard red stone of the colour of blood. ... 
It is the substance which the men of science call cinnabar.18 


If the Jàbirian corpus contains chemical texts which are 
easily understood in terms of modern chemistry, it also con- 
tains several cosmological treatises which, along with the 
purely alchemical writings, belong to quite another type of 
knowledge. In them, the various orders of cosmic reality are 
explained in terms of the masculine-feminine or sulfur-and- 
mercury principles. His scheme of cosmology is based upon 
the relation of a number of states of being with each other, 
& relation that is dependent upon the effect that a lower 
state derives from the action of a higher one, and in turn 
transmits to the state lying below it in the chain of Being. He 
describes the descent from the world of the Intellect, through 
the Soul to the world of the elements—which, as we have 
already seen, are composed of the four natures. The elements 


n From One Hundred and Twelve Books, translated by E. J. Holmyard in 
hemistry in Medieval Islam," Journal Society of Chemical Industry, 
1923, Vol. 42, p. 388, and in "The Identity of Geber," Nature, Vol. III 
(February 10, 1923), p. 192. 
13 From Jabir ibn Hayyan, The Book of Properties, translated by E. J. 
tomyard in “The Identity of Geber,” Nature, Vol. III (February 10, 
s P. 
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of alchemy, therefore, form a part of the great unity which 
is the universe, just as the science of alchemy forms a branch 
of the more universal science of cosmology. 


B. Rhazes 


Al-Razi (in Latin Rhazes), as we have already seen in the 
chapter on medicine, was the greatest clinical physician in 
Islam, and enjoyed a fame in medieval and Renaissance Eu- 
rope matched only by that of Avicenna. Before turning to 
medicine, however, Rhazes was an alchemist. In fact, it has 
been said that, as a result of too strenuous experimentation 
with alchemical processes, his eyesight began to give way and 
it was in desperation that he gave up the practice of alchemy. 

Although most of Rhazes' philosophical works are lost, 
enough fragments survive to indicate some of the peculiar 
ideas that he held. He favored Plato over Aristotle and yet 
adopted an atomism similar to that of Democritus. He posited 
five eternal principles—the Creator, Soul, Matter, Time, and 
Space—in terms of which he sought to explain all things. His 
cosmology in fact echoes in certain ways some of the beliefs 
of Manichaeism. Most important of all, contrary to the rest 
of Muslim philosophers who accepted the "prophetic philoso- 
phy" of Islam, Rhazes openly opposed prophecy and in fact 
wrote against it. Furthermore, his denial of the necessity of - 
revelation is directly connected to the transformation he - 
brought about in the domain of alchemy. 

Rhazes considered himself a disciple of Jabir and even the . 
titles of most of his alchemical works are either identical with : 
or resemble closely those of the Jabirian corpus. But Jabirian : 
_alchemy was based on the principle of the esoteric interpreta- . 
tion—"hermeneutic exegesis"-—of nature as the cosmic text . 
(ta»wil) that is central to Shiism as well as to Sufism. Through 
the application of this method of interpreting the inner meañ- 
ing of things, every Jabirian science, and especially alchemy, : 
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was concerned with both the external and symbolic or inward 
meaning of phenomena. Rhazes, by denying prophecy and 
therefore the possibility of this spiritual exegesis that is in- 
separable from it, also negated the symbolic dimension of al- 
chemy and transformed it into chemistry. His alchemical 
works are in reality the first treatises of chemistry. His careful 
classification of substances is an important achievement 
from the point of view of chemistry, not alchemy. His Secret 
of Secrets, the Latin Liber secretorum bubacaris, which is 
the most famous of his alchemical works, is a text of chemis- 
try which has preserved the alchemical language. It describes 
the chemical processes and experiments which Rhazes himself 
performed and which can be identified in their modern 
equivalent form of distillation, calcination, crystallization, etc. 
Rhazes in this and other works gives also a description of a 
large number of chemical apparatuses, such as beakers, flasks, 
phials, casseroles, naphtha lamps, smelting furnaces, shears, 
tongues, alembics, pestles, mortars and many others that 
have in part survived to the present day. 

Even if later Muslim alchemiical sources considered Rhazes 
as belonging to the Jabirian tradition of alchemy, a study of 
his works reveals that he belongs to quite another school. 
The symbolic and metaphysical dimensions of Jàbir are no 
longer to be seen in Rhazes' writings. He is describing chemi- 
cal and medical properties of substances, and he is in fact 
credited with major discoveries in this domain including that 
of alcohol and of certain acids. But the world-view of al- 
chemy is absent in his works. In denying prophecy and the 
possibility of an esoteric interpretation of things, Rhazes also 
eliminated the symbolic dimension of alchemy leaving a sci- 
ence that was concerned with external properties alone, 
namely chemistry. The few examples given below from The 
Secret of Secrets reveal clearly that Rhazes was writing about 
Chemical processes albeit in an alchemical language and that 
he himself had little interest in the alchemical world-view 
that existed before him and continued to survive long after 
his works had seen the light of day. 


[THE SMELTING OF METALS] 


The hardest of the “Bodies” to melt is Iron. It does not be- 
Come as fluid as water, except after treatment and (the use of) 
Medicines. The process of melting it is this. Take filings of 
iron, as much as you want, and having thrown on them one- 
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quarter their weight of powdered red [arsenic sulfide], stir 
(the mixture) up. Then put it in a bag, and after luting it with 
good clay, place it in a hot (oven). Afterwards take it out, and 
weigh it. Then throw upon it one-sixth of its weight of 
[hydrated sodium carbonate], and add olive oil to the mixture. 
Next it is placed in a perforated crucible, fitted on to another. 
What comes down is received, and (again) melted. Then Sal- 
ammoniac and Syrian vitriol—both powdered, and mixed 
with olive oil—are taken and made into small balls, and it 
(the fused product) is fed with these. It may be melted as many 
times as you choose, for that adds to its fusibility and whiteness. 
If this (process) is repeated, the mass becomes so soft that it 
may be beaten out, and it will be as easily melted as silver. 

Next (comes) copper. The method of melting copper is 
this. Cut it into small pieces and place them in a crucible in a 
(furnace). The furnace is filled with charcoal, and air is blown 
in“until the copper melts. Then you sprinkle over it a little 
Goldsmiths’ Borax. This is called, in their phraseology, (‘‘feed- 
ing"). They say “He fed it with birag [fusible salt], so that 
its eye might be opened" which means "you see that it is altered 
(in appearance).” 

This process will also melt Gold, and Silver. The tins 
Rasàs (i.e. Tin and Lead) melt more easily, being fused (even) 
in an iron ladle.1* 


SUBLIMATION 


There are two methods of subliming Mercury, one for the 
“Red” and one for the “White.” In subliming it there are two 
secrets, one the removal of its moistness, and the other to make 
it dry, so that it may be absorbent. The removal of its moistness 
is by either of two processes. After triturating it with what 
you wish to sublime it, you heat it over a gentle fire in a phial 
luted with clay, and then triturate and (again) heat it, doing 
this 7 times till it completely dries. Then sublime it with what- 
ever you wish to sublime it, and heat it gently and place it in 
the aludel. Over the aludel there should be an alembic of 
green pottery, or glass, with a short wide spout, for the purpose — 


14 Rhazes, Instructive Introduction, translated by H. E. Stapleton, R. F. 
Azo, and M. Hidayat Husain in “Chemistry in ‘Irāq and Persia in 
Tenth Century A.D.,” Memoires of the Royal Asiatic Society of Bengal, 
Vol. VIII, No. 6 (1927), pp. 354—355. Reprinted by permission of the 
Asiatic Society. (This study consists of translations from a variety 
scientific texts by a number of different authors interspersed with c 
comments on the texts.) 
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of distilling all the moisture that is in the mercury. Under 
(the spout) is placed a dish. 

In place of this alembic, we may have a cover properly ad- 
justed on the head of the aludel. It should have a hole large 
enough for the head of a large needle to enter. In this (hole) 
is placed a woollen lamp-wick, with one end of the wick hang- 
ing down into the dish, so that all the moisture that is in the 
mercury may be distilled. 

Then you remove it (the alembic or cover), and replace it 
by the cover which covers its top completely, and lute the joint. 

A better way (than using an alembic) is to have a hole in 
the cover of the aludel large enough for the little finger to enter. 
This hole is kept open until the substance appears in the form 
of dust, either white or black, by which you learn that the 
moisture has come to an end. Then the hole is closed with a 
properly-fashioned stick bound round with a rag, in accordance 
with the direction of our Master (Jabir) ibn Hayyàn. 

The substances with which Mercury is sublimed are Alum, 
Vitriol, Salt, Sulphur, Lime, (powdered) Brick, Glass, Ashes 
of Gallnuts, Oak Ashes, . . . ; and, of Waters, Vinegar, Water 
of Vitriol, *Water of Sal-ammoniac," *Water of Alum," and 
the "Water of Quicklime" [and sulphur, . . . ].15 


SUBLIMATION OF MERCURY FOR THE "WHITE" 


Take of Mercury that has been coagulated 1 ratl (1b), and 
bruise it with an equal quantity of white Alum, the like quantity 
of Salt, and the like quantity of Ashes. Next sprinkle Vinegar 
over it, after placing it on a [flat stone mortar], and triturate 
it thoroughly for three hours a day, one hour in the morning, 
one hour at noon, and one hour in the evening. Then place 
it in a phial covered with clay. Close the head of the phial, 
and place it on hot ashes in an oven which has just been used 
for bread making. Leave it there for one night, and in the 
morning transfer the substance to the pot of the aludel, after 
(again) triturating it. Place powered salt at the bottom of the 
aludel. Adjust the alembic previously mentioned above the alu- 
del, and (thus, by heating), remove the moisture from the sub- 
stance. Then replace the alembic by a cover; and lute the 


15 This and the succeeding selections are from the Secret of Secrets in the 
translation of Stapleton et al., op. cit., pp. 385-393. In a recent Russian 
edition of the Secret of Secrets it is claimed that the work known until 
now by this name is actually Rhazes' Book of Secrets while the Secret 
9f Secrets is an independent text also by him. In any case the work is 
One of Rhazes' authentic writings. See U. I. Karimov, An Unknown 
Work of al-Razi “The Book of the Secret of Secrets" (Tashkent, 1947). 
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joint; but first light a small fire beneath it, till its moisture has 
been removed by the gentle fire. Fit the cover to it and heat it 
(the aludel) for one hour with a gentle fire. Then increase 
the fire to a moderate degree. Keep the fire burning 12 hours 
for each rat! (of the substance); and, whenever the ring of 
the cover gets heated, stop the fire, lest the substance that is 
on the shelf be spoilt and burnt. (This is continued) until the 
whole has sublimed. Then bring back the sublimate to the 
residue, triturate, and again sublime it. This is done thrice, 
Then take burnt bones, which are procured from furnaces, 
pound them thoroughly, and triturate the sublimate with an 
equal quantity of these burnt bones for an hour. Sublime it in 
this way thrice, adding fresh bones each time. It will come 
out the third time white, dead, and absorbent. At one end 
of the cover there should be a hole, large enough for a large 
. needle to enter, in which you insert a stick, bound round with 
“cotton. Take this out once an hour, and drop the sublimate that 
is on it (onto the shelf). When, on removing it, you see no 
more sublimate on it, stop the fire, and let it (the apparatus) 
cool. Then collect what is on the shelf after gently breaking 
the joint. Moisten and soften what has collected with castor 
oil, and place it in a luted phial. Place this in a pot of ashes : 
and close the mouth of the phial with (a piece of) wool. Burn 4 
a fire under the pot, in order to remove the moisture. When ` 
this has occurred, seal up the mouth of the phial and heap | 
ashes over it. Over the ashes small pieces of charcoal are ^ 
placed, by which a fire is lit on the top. In this way the 
substance will coagulate in the phial like (the metal used to 
make) a Chinese mirror. When this is attained, project 1 
dirham of it on to 20 dirhams of Copper. Then it will penetrate 
into it, and function most effectively. 


SoLUTION IN DuNG 


This solution is carried out as follows: Dig, in a place in « 
which the wind does not blow, two trenches, the depth of each : 
of them being two cubits, and their breadth one cubit, and 
lute them with the droppings of house pigeons, mixed with 
turnip juice. : 

Take one part of fresh horse dung, produced that very day, |: 
and an equal part of the droppings of house pigeons, and after : 
making the mixture into a thick paste with turnip juice, fill | 
up one of the trenches to the depth of one cubit. 

Place the thing which you desire to dissolve in a square : 
bottle with a broad base. There should also be with you a mould 
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of the same size as the bottle in which the substance has been 
placed. Press the mould down into the paste and shake it 
(so that it fits loosely). Then take the mould away and put in 
its place the bottle after closing its mouth with plaster. Put over 
the bottle a moistened basket and cover it with dung up to its 
top. Place over (the whole) a (large) pitcher and fill up the 
joint. Remove the pitcher every day, and sprinkle hot water 
over the dung, and renew the dung once a week. 

Next, fill up to the middle with pigeon droppings the other 
luted trench, and add more of the prepared dung, and insert 
the mould, and place over it the pitcher for a night, and do not 
close the joint. When the morning dawns, uncover the buried 
bottle, remove the mould, take the bottle quickly and having 
buried it (in the depression on the second trench), place the 
basket over it and cover the basket with dung. Then cover 
everything with the pitcher, and close the joint. You will act 
in this fashion until the substance has (completely) dissolved; 
and this (process) will bring about the solution of most 
refractory substances, viz. Stones, “Bodies,” etc. 


ON ANIMAL PREPARATIONS 


PREPARATION OF SAL-AMMONIAC FROM HAIR 


Take washed black Hair, and put it in an iron pan with a 
cover, and close the joint, and cover the pan with small pieces 
of charcoal, and ignite them, and let them burn until they are 
extinguished. Then pour upon it (ie., the calcined residue of 
hair), after placing it in an iron (pot), 20 times (its weight) 
of distilled water of Hair—and it is Spirit—and let it (the 
mixture) undergo coction for one hour. Then filter it, and 
coagulate with it the Spirits which whiten by means of coction, 
if you so desire. But if you need Sal-ammoniac, coagulate 
the solution, and it will turn into solid Sal-ammoniac. 


ANOTHER (METHOD) 


If you distil Hair, and take its water and oil separately, and 
place over it (the residu¢¥cit’ alembic with a wide spout, and 
light a fire, and fit below the spout a receiver wrapped in 
moistened felt, then the best (sort of) Sal-ammoniac will be 
coagulated in the receiver, if it please Allah! 
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ANOTHER (METHOD) 


Take washed Hair, and distil its water, placing under (the 
spout of) the alembic a receiver, whose bottom has holes 
fitted with tubes, and, below (each of) these, another receiver. 
The oil will then drop into the lower receiver, and the Sal- 
ammoniac will remain in a crystalline form in the upper one. 


. ANOTHER (METHOD) 


If you dissolve Hair and distil off its white, yellow and 
red water, and, if then, you place over it an alembic with a 
broad spout, and distil off its tar and blackness, and finally 
transfer it (the dregs) to the Blind Alembic, and kindle a fire, 
then Sal-ammoniac will rise up, according to your desire, if it 
please Allah! 


[SoDiUM CARBONATE, OR MILD ALKALI] 
CALCINATION OF [Sopa] 


Take pieces of [Soda] and put them in a luted pot in an oven. 
Take it out when it becomes cold. Do this without trituration, 
until it (the salt) is whitened. 


[SOLUTION OF THE SAME] 
WATER OF STRONG [Sopa] 


Take 1 ratl of white [Soda], and after pouring over it 12 
ratls of pure water, leave it for a day and a night. Then boil 
and filter it, and add another rat! of [Soda], and leave it (again) 
for a day and night. Boil it (again) and filter it. Do this 7 
times. Then decant and keep it, because it will dissolve 
[Amianthus] and Gypsum as we have said previously in our 
book. 


[PREPARATION OF Causric Sopa] 


SECTION ON SALT OF [SODA] AND LIME 


Take 1 mann of white [Soda] and an equal quantity of Lime 
and pour over it (the mixture) 7 times its amount of water, 
and boil it until it is reduced to one half. Purify it (by filtra- 
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tion or decantation) 10 times. Then place it in thin evaporating 
cups and hang them in (heated) beakers. Return what sepa- 
rates out (to the cup) and raise it (the cup) gradually, and 
protect from dust whatever drops from the cups into the 
beakers, and coagulate it into salt. 


[SOLUTION OF CALCIUM POLYSULPHIDE] 


Take 2 parts of Lime that has not been slaked, and 1 part 
of Yellow Sulphur, and digest them with 4 times (their weight) 
of pure water until it becomes red. Filter it, and repeat the 
process until it becomes red. Then collect all the water, and 
cook it until it is decreased to half, and use it. And Allah 
knows (what is best!). 


[SOLUTION OF SODIUM AND AMMONIUM SULPHIDE 
AND ARSENIDE] 


SECTION ON A SHARP WATER 


Take 20 ratls of pure water, and after adding to it 2% ratls 
of white [Soda] and unslaked Lime, leave for 3 days. Filter it, 
and repeat the process 7 times, each time adding one-eighth 
of pure water. Then add to it about one-tenth of (copper ace- 
tate) and yellow Arsenic Sulphide, and leave for 3 days. Filter 
it, and add half its amount of dissolved Sal-ammoniac. Leave 
it several days. Dissolve with it anything you like. It will dis- 
solve [Amianthus] immediately. 


[SOLUTION OF CausTIC SODA AND AMMONIA] 


WATER OF [SODA] AND QUICK LIME 


Take equal parts of calcined [Soda] and unslaked lime, and 
pour over them 4 times their amount of water and leave it for 
3 days. Filter the mixture, and again add [Soda] and lime to 
the extent of one-fourth of the filtered solution. Do this 7 times. 
Pour into it half (the volume) of dissolved Sal-ammoniac. Then 
keep it; for, verily, it is the strongest Sharp Water. It will dis- 
solve [Amianthus] immediately. 
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[IMPURE SOLUTION OF AMMONIA] 


A POISONOUS WATER 


Take equal parts of pounded Sal-ammoniac and Copper 
oxide, and distil it. Then pour upon that which has been dis- 
tilled, a similar quantity of Sal-ammoniac and Copper Oxide, 
and distil them. Do this 7 times. While distillation is going on, 
put a plug of cotton moistened with the oil of violets, or the 
oil of roses, in your nose, and put aside what has been dis- 
tilled. Mix the dregs with a similar quantity of Sal-ammoniac 
and one-fourth of Colocynth pulp, and sublime it. Take what 
sublimes, and cerate it, and dissolve it, and mix with it that 
which has been put aside and bury it several days. It will be 
turned into a Sharp Water. 


[USE oF MERCURY AMMONIUM CHLORIDE SOLUTION AS A 
DISSOLVING REAGENT] 


Take volatilized Mercury and drench it with dissolved Sal- 
ammoniac. Cause it (the mixture) to perspire 10 times in a 
luted cup and dissolve it. If anything of it (the Mercury) re- 
mains, drench it (again) with Sal-ammoniac, and cause it to 
perspire several times. Then dissolve it till everything is dis- 
solved. Do not be annoyed with the (length of time necessary 
for the) dissolving, for it is one of the most important of the 
substances, because it is a very strong water, dissolving all 
calcined substances and filings. 


[Use oF SAL-AMMONIAC AS A DISSOLVING REAGENT] 


ANOTHER (PROCESS) 


Take the Calx of whichever you like (of Lead or Tin), and 
drench it with the water of Sal-ammoniac and the water of 
distilled Alum on the [flat stone mortar], and rub it for 8 hours. 

. Then cause it to perspire in a rose-water bottle, until its smoke 
comes out. Do this 7 times. Then cause it to perspire 3 times 
with the water of Sal-ammoniac, until it becomes a salt which 
will melt. 
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CERATION OF SALTS WITH OILS 


Take food Salt, and make it into a paste with Olive Oil and 
heat it for one night with a Dung fire in a luted pot which has 
its head closed. Do this 7 times. It will melt and flow. 


[PREPARATION OF GLYCERINE FROM OLIVE OIL] 


DISTILLATION OF OLIVE OIL 


Take as much as you like of fresh Olive Oil, and heat it with 
a similar quantity of water containing a little pure white clay, 
until two-thirds of the water has disappeared. Then filter it. 
Repeat the process with water and clay thrice. Then place it in 
a cucurbit, and after scattering over it Lime until it becomes 
like a thin paste, distil it. Do this several times. When you will 
test it, fire will not be ignited in it.19 


These selections demonstrate fully Rhazes’ concern with 
chemical reactions while at the same time he was faithful to 
the alchemical theory of transmutation of one metal into 
another. However, Rhazes makes no reference to the Jabirian 
mercury-sulfur theory." In its place Rhazes believes that 
bodies are composed of potentially active matter, "spirit" and 
"soul." Since all things possess essentially the same substance, 
Rhazes believes that transmutation can be brought about by 
changing the proportions of the constituent ingredients of any 
substance, which in modern language means the removal of 
impurities. 

As for the alchemical process itself Rhazes thinks that it 
Consists of five stages: purifying of the substances to be used, 
their fusion, disintegration through solution, combination of 
the solutions of the different substances, and finally the co- 
agulation of the product. In this matter he does not differ 
Profoundly from Jabir who had a similar conception of the 


16 Rhazes, Secret of Secrets, ibid., pp. 385-393. 
17 This fact has been pointed out by Stapleton and his colleagues in the 
above-mentioned study. 
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alchemical process but with certain alterations. Rhazes differs . 
from Jabir in that, while Jabir is an alchemist who also deals . 
with chemistry, Rhazes is a chemist who preserves the al. - 
chemical belief in the transmutation of one substance into 
another and employs an alchemical language to explain 
chemical processes. 


- 


C. Al-Iraqi 


The seventh/thirteenth century alchemist, Abu:l-Qasim al- 
‘Iraqi, who was the author of one of the best-known Islamic 
alchemical tracts, the Cultivation of Gold, was also a disciple 
of Jabir. Unlike Rhazes, who had confined himself chiefly to the 
chemical properties of things, al-dràqi remained faithful to 
the teachings of Jàbir, studying the external and physical prop- 
erties of materials in conjunction with their symbolic signifi- 
cance, and in relation to the psychological and spiritual do- 
mains. His book is for the most part a summary of some of the 
teachings of Jabir; like other alchemists, he aimed not to inno- 
vate but to continue faithfully the doctrines of the masters 
of the art. 

Alchemists such as al--Iràqi regarded alchemy as of divine 
origin; they always sought therefore to preserve its original 
principles. This lack of “development” did not mean mere 
repetition, or an abandonment of intellectual activity on their 
part. For them, intellectual activity: was not the creation of 
new ideas, but the “organic” assimilation of the principles of 
the Art. The beauty and freshness still to be found in the 
writings of some of the great alchemists arise from the fact - 
that, having assimilated the principles of alchemy themselves, 
they were now able to express these same ideas in a fresh 
language, which did not depend merely upon the use of 
others’ texts, but also upon their own direct and intimate 
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experience. It is this freshness of language and beauty of 
symbolism that truly distinguishes the great alchemists from 
those who merely put together bits of the older texts. The 
intellectual activity of these alchemists, therefore, consisted of 
their piercing through the many veils of symbolism, in order 
to reach the immutable principles of the alchemical art, rather 
than of any “thinking about” the mineral kingdom, with the 
hope of “explaining” it according to new theories. 

For example, al-‘Iraqi follows Jabir in regarding metals 
as a Single species, differing only in accidents, a species 
which he readily compares with plant and animal species; he 
expresses these ideas, however, in a manner which reveals 
his own mastery of alchemy, rather than by the simple repeti- 
tion of Jabir’s ideas. Likewise he has a similar conception of 
the all-embracing prime matter which he however describes 
in a particular manner. 


PRIME MATTER 


This prime matter which is proper for the form of the Elixir 
is taken from a single tree which grows in the lands of the West. 
It has two branches, which are too high for whoso seeks to 
eat the fruit thereof to reach them without labour and trouble; 
and two other branches, but the fruit of these is drier and more 
tanned than that of the two preceding. The blossom of one of 
the two is red (corresponding to gold] and the blossom of the 
second is between white and black [corresponding to silver]. 
Then there are two other branches weaker and softer than 
the four preceding, and the blossom of one of them is black 
[referring to iron] and the other between white and yellow 
[probably tin]. And this tree grows on the surface of the ocean 
[the materia prima from which all metals are formed] as plants 
grow on the surface of the earth. This is the tree of which 
Whosoever eats, man and jinn obey him; it is also the tree of 
Which Adam (peace be upon him!) was forbidden to eat, and 
when he ate thereof he was transformed from his angelic form 
to human form. And this tree may be changed into every ani- 
mal shape. 

This prime matter is also found in a bird, whose body is 
that of a man but its wings the wings of a bird. It has four feet 
and two hands, but its feet are despised [the opacity of matter], 
while its hands [form] are honoured on account of the benefit 
to be derived from them. But if ignorant man knew that the 
hands have no power save by the feet [since all things consist 
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of form and matter], he would be more watchful of the feet 
than of the hands.!5 


Al-dráqi also explains the manner of writing the alchemi- 
cal texts, and the symbolism of some of the terms found in 
them. He thus provides in his own text a sample of the way 
in which alchemical texts must be interpreted in order to 
make sense. But even then, he stops at a particular level, : 
without giving the ultimate metaphysical significance of his | 
terms, and asks us not to try to proceed beyond what he has ` 
chosen to expose. 


Know (May Allàh the Exalted have mercy on thee!) that 
complete phrases are divided into three classes: (1) a phrase 
of exact agreement which perfectly describes the allusion; 
this is the plainest form of speech and is not used in an 
allegorical sense at all; it is, rather, straightforward; (2) a 
phrase of inclusion; this indicates a part only of the meaning 
and is more obscure than the first, in contrast to which it may 
be used in an allegorical sense; (3) a phrase of necessary 
association; this is more obscure than the first two and is 
simple allegory. . . . 

An example of the third is the description of a man as a 
lion, in order to convey the idea of bravery by metaphor 
and simile. Most of the allegories of the Sages are constructed 
on this plan, that is, they describe the thing meant by indicating 
the necessary characteristics of it. 

As for the way of "inclusion," this is little used, in contrast 
to the way of "necessary association," since it is more obvious. 
As for the way of “exact agreement,” this is not called allegory 
at all. Allegory must be either absolute, that is, indication by 
“necessary association,” or relative, that is (a) indicating by 
necessary association coupled with “inclusion,” or (b) indicat- 
ing by “inclusion” coupled with “exact agreement” or (c) 
indicating by “inclusion” alone, or (d) indicating by “exact 
agreement” coupled with “necessary association.” 

Of their description by “necessary association” we have an 
example in their. phrase “Eastern Mercury.” They mean by 
this the mercury extracted from their stones, and this is a 
phrase of “necessary association,” for the Eastern Mercury 
is extracted from rocks, in contrast to the Western Mercury 
which is extracted from soft earth. Now if any characteristic 
of Eastern Mercury is found in their mercury they know it 
by this name. Understand that, therefore. 


18 Al-draqi, The Cultivation of Gold, translated by E. J. Holmyard 
(Paris: Paul Geuthner, 1923), pp. 23-24. 
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And they often indicate by their phrase “Eastern” a sub- 
stance which is hot and dry as is the nature of the region of the 
East, and as is also the nature of the sun which appears from 
the East. Similarly by the “West” and by “Egypt” they mean 
the moistness extracted from their stone, as the West is related 
to moisture. “The River Nile" means the same. 

The term "Land of India" is also employed by them to 
mean a substance in proper equilibrium, resembling the land 
of India in the equableness of its climate. The terms *heaven" 
and "earth" are intended by them to mean two substances, one 
of them volatile like the heaven and the other stable like the 
earth. By "animal" they mean an animal characteristic, that 
is, a substance which, when it goes into the fire, acquires move- 
ment like the movement of an animal, the cause of which 
movement is heat. They mean also by it a durable and 
equable substance, as an animal is durable and equable. By 
"death" and "life" they refer to a substance from which it 
is possible by suitable treatment to remove its lightness, 
or to do away with its movement in the fire, so much so that 
when it is placed therein it shows no movement. Such are the 
limes and other “dead” stones; they contain a characteristic 
of death as it is found in animals, a characteristic necessarily 
associated with these substances. 

By "life" they mean the opposite of this, just as it is reported 
in stories that the spirits returned to their bodies and they arose; 
now this is a necessary characteristic of their stone, and so 
therefore they describe the latter thus. 

They also use the term “marriage” meaning thereby a sub- 

stance to which this name is necessarily appropriate, since it 
will join with a substance female in relation to itself, its light- 
ness being transferred to the latter as the sperm is transferred 
from the male to the female; they therefore describe it by this 
characteristic of it. From this thou mayst judge of the rest of 
the analogies and allegories of the Sages. Therefore be grateful 
to him who has favored thee with this explanation, and have 
compassion on him, and do thou likewise that which it is 
meet for thee to do. But do not explain this matter except to its 
followers. . . 
. Labour not to expose our secret more than we have exposed 
It unto thee, or thy exposure thereof will expose thyself; and 
leave the world and its pleasures to those whose only aim is 
enjoyment and sport and amusement. And let not doubt assail 
thee concerning that which I have spoken, for there is no 
disagreement among us in all I have said.19 


The tradition of alchemy represented by Jabir, al-Iraqi 
19 Ibid., pp. 55-57. 
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and others has been a continuous one in the Islamic world; 
having lasted. over the centuries to modern times. Its language : 
and symbolism became integrated in part into that of Sufism, 
while at the other end its world view gave a spiritual dimen- | 
sion to the work of the craftsmen. Alchemy thus became tied : 
to gnosis and, at the same time, came to provide a contempla- : 
tive dimension for the creativity of the artisan. : 


vu. tied Somes = Ss er 


CHAPTER TEN 


ISLAMIC ALCHEMY AND ITS 
INFLUENCE IN THE 
WESTERN WORLD 


INTEREST IN ALCHEMY in the Western world began with 
the translation of texts from the Arabic during the sixth/ 
twelfth century. Perhaps the earliest, and certainly one of the 
most important Latin texts is the Turba Philosophorum, 
which was to be quoted as an unimpeachable authority by 
many succeeding generations of alchemists. The work is the 
account of a conference, in which nine “Greek” philosophers 
—[ximidrus, Exumdrus, Anaxagoras, Pandulfus, Arisleus, 
Lucas, Locustor, Pitagoras and Eximenus—describe the prin- 
ciples of alchemy, partly in terms of cosmology, and then 
proceed to describe the various phases of this art. The Turba 
is unquestionably a translation from the Arabic, although the 
original text has not been found. Martin Plessner, the con- 
temporary specialist in the history of alchemy, argued quite 
convincingly that the Turba is a translation of the Book of 
the Controversies and Conferences of Philosophers by the 
third/ninth-century Egyptian alchemist, *Uthmàn ibn al- 
Suwaid. By transliterating the Latin names of the philosophers 
back into the Arabic, he has been able to identify the group 
of philosophers as Anaximander, Anaximenes, Anaxagoras, 
Empedocles, Archelaus, Leucippus, Ecphantus, Pythagoras 
and Xenophanes. These pre-Socratic philosophers are seen 
discussing the elements, the void and plenum in cosmological 
lerms, before proceeding to purely alchemical discussions; 
their views, however, do not correspond to what is known 
about the pre-Socratics from other sources. Much of the 
Turba bears a resemblance to the Refutation of All Heresies 
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by Hippolytus, so that the Arabic text may itself have been ` 
an adaptation from the earlier Greek text. 

The use of Greek authorities in the Turba demonstrates 
the desire to show a unanimity of views among various phi- 
losophers on the subject of alchemy. These philosophers, who, 
during the Renaissance and later centuries, were to become : 
pivots of controversy, meet in the Turba in a spirit of agree- 
ment, affirming a single point of view. Obviously, the medi- . 
eval alchemists who quoted them, unlike the Renaissance : 
authors, were not interested in polemics, but in the establish- : 
ment of a universal agreement within their doctrines. ] 

Another early source of Western alchemy was the corpus . 
of the Latin “Geber,” including the famous Sum of Perfec- ; 
tion, for which no Arabic original has been found. The 
works of Geber follow the principles of Islamic alchemy, but 
some of their basic character differs from that of Jabir’s writ- : 
ings. The texts attributed to Geber lack the numerical and 
alphabetical symbolism and the concept of the balance, both 
of which are basic to Jabirian alchemy. In these texts, as in 
those of Rhazes, interest in the symbolism of alchemy has 
already become less central, and is displaced by an interest 
in the physical properties of things. The author of those texts 
of Geber which are not translated from Arabic was prob- 
ably a Spanish alchemist who used the name of the acknowl- 
edged master of the art. He displays a much more empirical 
and less contemplative attitude than the Arabic Jabir, without 
however deviating basically from the established principles © 
alchemy. Interest in the physical aspects of things became 
increasingly primary among the alchemists, to the extent 
that the contemplative spirit was weakened, and transparent 
symbols replaced in their thinking by opaque facts. 

It may be unfair, however, to characterize Geber in this man- 
ner, because in the Sum of Perfection he reveals that he was: 
forced to use the language of chemistry in order to hide the 
doctrines of spiritual alchemy. It may be that he actually. 
differs from the Arabic Jabir only in his manner of expres? 
sion, rather than because of any change in his point of view, 
from alchemy toward chemistry. Up to the seventeenth cen 
tury, alchemy in the West was essentially the same science 
as its Islamic counterpart, except for the change of language 
from that of the Muslim to that of the Christian revelation. 
There is no historical reason whatsoever for making Western 
alchemy an intermediate stage between Islamic alchemy and: 
modern chemistry. 


| 
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Nowhere is the integration of the tradition of alchemy 
learned from Islamic sources into Latin Christianity better 
exemplified than in the writings of Nicolas Flamel. The tradi- 
tional account of his life can itself be regarded both as a sym- 
bolic narrative and as a historical account. As Flamel himself 
tells us, he was born at Pontoise near Paris around 1330, and 
led a normal life as a skillful scribe and successful bookseller 
until one evening, when he saw an angel in a dream, showing 
him a book containing mysterious pictures. In 1357 the same 
book, called The Book of Abraham the Jew, was sold to him 
by an old dealer. From that moment on, the life of Flamel 
became transformed from that of a bookseller into that of 
an ardent student of alchemy. He spent many long days and 
nights in studying the book, revealing its existence only to his 
wife Pernelle. All his efforts were negated, however, by his 
lack of knowledge of Hermeticism and of the Jewish 
Kabbalah. 

Determined to find a clue to the meaning of his book, 
Flamel set out to make the pilgrimage to the tomb of Saint 
James of Compostella in Spain. There he frequented the 
synagogue, in hope of finding a guide; yet, even there, his 
search was in vain. In despair, he started back to France. On 
this return journey, he was introduced to a converted Jew, 
Maitre Conches, a Kabbalist, who was at last able to explain 
to him the inner meaning of this precious book, which even 
the Kabbalists had considered lost. Maitre Conches died soon 
thereafter, after giving him enough instruction to permit 
Flamel to continue the Great Work by himself. In 1382, he 
finally succeeded: in making the Great Elixir and as he him- 
self writes, in converting lead into gold. An extremely devout 
man, Flamel is said to have used up the gold he had made 
to endow churches and hospitals all over Paris. Having lost 
his wife and companion in 1397, he spent the rest of his days 
in devotion, charity and writing on alchemy. He died in 1417 
and was buried at a place chosen by himself and covered 
With a marble stone, bearing alchemical symbolism in a 
Christian setting. 

The life of Flamel, a devout Christian who, through al- 
Chemy, had acquired the means to perform many acts of 
Charity, seized the imagination of his contemporaries; he be- 
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came the prototype of the alchemical sage. His indisputably’ 
devout life also saved him from outright condemnation by: 
Christian authors of later centuries who no longer had any. 
interest in cosmological sciences. The Abbé Villain, for exam- : 
ple, embarrassed by Flamel’s alchemical activity, tried in hig: 
biography to prove that Flamel was not an alchemist at all,’ 
Historical as well as doctrinal elements prove, however, that | 
Flamel was both a devout Christian and an alchemist. His: 
works are, in fact, among the best illustrations of the in-: 
tegration of the alchemical perspective into Christianity and 
the interpretation of alchemical symbolism in Christian 
terminology. 

The Book of the Hieroglyphical Figures by Flamel is an ; 
example of Christian Hermeticism. It also deals with a uni- 
versal aspect of alchemy, namely, the relation of alchemical ele- 
ments to animal symbolism. This relation can be found ex- : 
pressed in different forms in many civilizations. Flamel's : 
dragon or serpent, for example, appears not only in Islamic : 
alchemy, but also—and with nearly the same meaning—in : 
Hindu Tantrism, Taoism and, greatly elaborated, among the 
Mayas. Likewise, the unicorn, a symbol of the active aspects 
of mercury, is found with minor variations in nearly every ` 
tradition. The universality of these ties between alchemy : 
and the serpent may be accounted for, in part, by the geo- | 
metric form of this creature. The relation of the Divine Act 
to the cosmos is symbolized geometrically by a vertical axis, 
while Nature as a process is symbolized by a spiral revolving 
around the axis, as it traverses the various domains of exist- 
ence. The primordial symbol of the serpent coiled around 
the world tree therefore signifies this relationship between 
the Divine Act and Nature. The serpent is always the symbol 
of cosmic power: Nature as potentiality is symbolized by 
the dragon biting its tail, the Ouroboros, which forms a cir- 
cle; Nature as actuality is symbolized by two serpents forming 
the caduceus. These two serpents symbolize the basic polarity 
upon which the rhythm of the cosmos is based—the solve 
and coagula of alchemy; the ascending and descending phases 
of solar motion in astrology; or, from another point of view; 
the alchemical sulfur and mercury. 

The Hermetic myth of the origin of the caduceus is that 
Hermes, finding a pair of serpents fighting each other, struck 
them with his baton, upon which the serpents wrapped them- 
selves around it, thus giving him the theurgic power of: 
“binding” and “loosening.” This act symbolizes the trans- : 
formation of chaos into cosmos by the intervention of 8 3 
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spiritual agent. The transformation of Moses' rod into the 
serpent may similarly be interpreted. as the solve and coagula 
of the alchemical work. 

The dragon, a form of serpent, may be regarded as sym- 
bolizing the fixed sulfur, so long as it remains without wings; 
the winged dragon, however, symbolizes “volatile” mercury. 
The dragon can have several meanings, symbolizing all phases 
of the work: it can have either feet or wings; it can live on 
earth, in water or in air, and as a salamander—even in the 
fire. It then resembles the Chinese dragon which begins as a 
fish in water and ends as a winged creature flying to the 
heavens. Another common animal symbol, the lion knocking 
down or eating the dragon, refers to the “fixing” of mercury 
by sulfur; a winged lion may symbolize both the masculine 
and feminine natures, or the androgyne. 

In his Book of the Hieroglyphical Figures, from which we 
quote below, Flamel explains the symbolism of several of 
these animals and the colors used to paint them. While thus 
underlining the-universality of the alchemical perspective, he 
expresses his formulations in the specific language of the 
Christian Revelation, within whose bosom alchemy found its 
metaphysical complement during the medieval period in the 
Western world. 


Of the Theological Interpretations, which may be 
given to these Hieroglyphics, according to the 
sense of me the Author. 


I have given to this Church-yard, a Charnel-house, which 
is right over against this fourth Arch, in the midst of the 
Church-yard, and against one of the Pillars of this Charnel- 
house, I have made be drawn with a coal, and grossly painted, 
a man all black, who looks straight upon these Hieroglyphics, 
about whom there is written in French; I see a marvel, whereat 
I am much amazed. This, as also three plates of Iron and 
Copper gilt, on the East, West, and South of the Arch, where 
these Hieroglyphics are, in the midst of the Church-yard, 
Tepresenting the holy Passion and Resurrection of the Son of 
God; this ought not to be otherwise interpreted, than according 
to the common Theological sense, saving that this black man, 
may as well proclaim it a wonder to see the admirable "works 
of God in the transmutation of Metals, which is figured in 
these Hieroglyphics which he so attentively looks upon, as 
to see buried so many bodies, which shall rise again out of their 
Tombs at the fearful day of Judgment. ... 

The two Dragons united together, the one within the other, 
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of colour black and blue in a field of sable, that is to say, black, 
whereof the one hath the wings gilded, and the other hath 
none at all, are the sins which naturally are interchained, 
for the one hath his original and birth from another. Of them 
some may be easily chased away, as they come easily, for they 
fly towards us every hour; and those which have no wings 
can never be chased away, such as is the sin against the Holy 
Ghost. The gold which is in the wings, signifieth that the 
greatest part of sins cometh from the unholy hunger after 
gold; which makes so many people diligently to hearken 
from whence they may have it; and the colour black and 
blue showeth that these are the desires that come out of the 
dark pits of hell, which we ought wholly to fly from. These 
two Dragons may also morally represent unto us the Legions 
of evil spirits which are always about us, and which will 
accuse us before the just Judge, at the fearful day of Judgment, 
which do ask, nor seek nothing else but to sift us. . .. 


The two Dragons of colour yellowish. blue, and 
black like the field. 


Look well upon these two Dragons, for they are the true 
principles or beginnings of this Philosophy, which the sages 
have not dared to show to their own children. He which is 
undermost without wings, he is the fixed or the male, that which 
is uppermost is the volatile, or the female, black and obscure, 
which goes about to get the domination for many months. 
The first is called Sulphur, or heat and dryness; and the lattar 
[sic] Argent vive, or cold and moisture, these are the Sun 
and the Moon of the Mercurial source, and sulphurous original, 
which by continual fire, are adorned with royal habilaments 
[sic]; that being united and afterwards changed into a quintes- 
sence, they may overcome everything Metallic, how solid, 
hard and strong soever it be. These are the Serpents and 
Dragons which the ancient Egyptians have painted in a Circle, 
the head biting the tail, to signify that they proceed from one 
and the same thing, and that it alone was sufficient, and that _ 
in the turning and circulation thereof, it made itself perfect. 
These are the Dragons, which the ancient Poets have feigned — 
did without sleeping keep and watch the Golden Apples of : 
the Virgins Hesperides. These are they upon whom Jason in 
his adventure for the Golden Fleece, poured the broth or |: 
liquor prepared by the fair Medea, of the discourse of whom 
the Books of the Philosophers are so full, that there is no 
Philosopher that ever was, but he hath written of it, from the 
time of the truth; telling Hermes Trismegistus, Orpheus, 
Pythagorus [sic], Artephius, Morienus, and the other following, 
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even unto myself. These are the two Serpents, given and sent 
by Juno (that is the nature Metallic) the which the strong 
Hercules, that is to say, the sage and wise man must strangle 
in his cradle; that is, overcome and kill them, to make them 
putrify, corrupt and engender at the beginning of his work. 
These are the two Serpents wrapped and twisted about the 
Caduceus, or rod of Mercury, with the which he exerciseth 
his great power, and transformeth himself as he listeth. He, 
saith Haly, that shall kill the one, shall also kill the other, 
because the one cannot die but with his brother. These two 
then, (which Avicen calleth the Corussene bitch and the 
Armenian dog,) these two, I say, being put together in the 
vessel of the Sepulchre, do bite one another cruelly, and by 
their great poison, and furious rage, they never leave one 
another from the moment that they have seized on one another 
(if the cold hinder them not) till both of them by their slav- 
ouring [sic] venom, and mortal hurts, be all of a gore blood, 
over all the parts of their bodies, and finally, killing one another, 
be stewed in their proper venom, which after their death, 
changeth them into living and permanent water; before which 
time, they lose in their corruption and putrefaction, their 
first natural forms, to take afterwards, one only new, more 
noble and better form. These are the two Sperms, masculine 
and feminine, described at the begining [sic] of my Abridg- 
ment of Philosophy, which are engendered (say Kasis, Avicen, 
and Abraham the Jew) within the reins and entrails, and of 
the operations of the four Elements. These are the radical 
moisture of Metals, Sulphur and Argent vive, not vulgar, and 
such as are sold by the Merchants and Apothecaries, but those 
which give us those two fair and dear bodies which we love so 
much. These two sperms, saith Democritus, are not found 
upon the earth of the living, the same saith Avicen, but he 
addeth, that they gather them from the dung, odour and 
TOttenness of the Sun and Moon. O happy are they that know 
how to gather them, for of them they afterwards make a 
treacle, which hath power over all grief, maladies, sorrows, 
infirmities, and weaknesses, and which fighteth puissantly 
against death, lengthening the life, according to the permission 
of God, even to the time determined, triumphing over the 
miseries of this world, and filling a man with the riches 
thereof. Of these two Dragons or Principles Metallic, I have 
Said in my fore-alledged Summary, that the Enemy would by 
his heat inflame his enemy, and that then if they take not heed, 
they should see in the air a venomous fume and a stinking, 
‘worse in flame, and in poison, than the envenomed head of a 
Serpent and Babylonian Dragon. The cause why I have painted 
these two sperms in the form of Dragons, is because their 
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stink is exceedingly great, and like the stink of them, and the 
exhalations which arise with the glass are dark black, blue, 
and yellowish, (like as these two Dragons are painted) the 
force of which, and of the bodies dissolved, is so venomous, 
that truly there is not in the world a ranker poison: for it is 
able by the force and stench thereof, to mortify and kill 
everything living. The Philosopher never feels this stench, 
if he breaks not his vessels, but only he judgeth it to be such, 
by the sight, and the changing of colours, proceeding from the 
rottenness of his confections. 

These colours signify the putrefaction and generation which 
is given us, by the biting and dissolution of our perfect bodies, 
which dissolution proceedeth from external heat aiding, and 
from the Pontique fieriness, and admirable sharp virtue of the 
poison of our Mercury, which maketh and resolveth into a 
pure cloud, that is, into impalpable powder, all that which it 
finds to resist it. So the heat working upon and against the 
radical metallic viscous, or oily moisture, engendereth upon the 
subject blackness. For at the same time, the Matter is dissolved, 
is corrupted, groweth black and conceiveth to engender; for 
all corruption is generation, and therefore ought blackness to 
be much desired; for that is the black sail with which the 
Ship of Theseus came back victorious from Crete, which was 
the cause, of the death of his Father, so must this father die, 
to the intent that from the ashes of this Phoenix, another may 
spring, and that the son may be King. Assuredly he that seeth 
not this blackness, at the beginning of his operations, during 
the days of the Stone; what other colour soever he see, he 
shall altogether fail in the Mastery, and can do no more with 
that Chaos: for he works not well, if he putrify not, because 
if he do not putrify, he doth not corrupt, nor engender, and 
by consequent, the Stone cannot take vegetative life to increase 
and multiply. And in all truth, I tell thee again, that though 
thou work upon the true matter, if at the beginning, after 
thou hast put thy Confections in the Philosophic Egg; that is 
to say, some time after the fire has stirred them up, if then T 
say, thou seest not this head of the Crow, the black of the 
blackest black, thou must begin again, for this fault is irrepara- 
ble, and not to be amended; especially the Orange colour, or 
half red, is to be feared, for if at the beginning thou see that | 
in thine Egg, without doubt, thou burnest, or hast burnt the . 
verdure and liveliness of thy Stone. The colour which thou 
must have ought to be entirely perfected in blackness, like 
to that of these Dragons, in the space of forty days. Let them 
therefore which shall not have these essential marks, retiré 
themselves betimes from their operations, that they may re- 
deem themselves from assured loss. Know also, and note it 
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well, that in this Art it is but nothing to have this blackness, 
there is nothing more easy to come by: for from almost all 
things in the world, mixed with moisture, thou mayest have a 
blackness by the fire; but thou must have a blackness which 
comes of the perfect Metallic bodies, which lasts a long space 
of time, and is not destroyed in less than five months, after 
the which followeth immediately the desired whiteness. If thou 
hast this, thou hast enough, but not all. As for the colour 
blueish and yellowish, that signifieth that Solution and Putre- 
faction is not yet finished, and that the colours of our Mercury, 
are not as yet well mingled, and rotten with the rest. Then 
this blackness, and these colours, teach plainly, that in this 
beginning the matter, and compound, begins to rot and dissolve 
into powder, less than the Atoms of the Sun, the which after- 
wards are changed into coator permanent. And this dissolu- 
tion is by the envious Philosophers called Death, Destruction, 
and Perdition, because that the natures change their form, 
and from hence are proceeded so many Allegories of dead 
men, tombs, and sepulchres. Others have called it Calcination, 
Denudation, Separation, Erituration, and Assation, because 
the Confections are changed and reduced into most small 
pieces and parts. Others have called it Reduction into the first 
matter, Mollification, Extraction, Commixtion, Liquifaction, 
Conversion of Elements, Subtiliation, Division, Humation, Im- 
pastation, and Distillation, because that the Confecfions are 
melted, brought back into seed, softened, and circulated within 
the glass. Others have called it Xir, or Iris, Putrefaction, Cor- 
ruption, Cymmerian darkness, a gulph, Hell, Dragons, Gen- 
eration, Ingression, Submersion, Completion, Conjunction, and 
Impregnation, because that the matter is black and waterish, 
and that the natures are perfectly mingled, and hold one of 
another.1 


The animal and color symbolism of Flamel employs the 
same obscure language that we have encountered in the Is- 
lamic texts. Here also one can understand certain elements 
In terms of the masculine-feminine principles, and in analogy 
With other doctrines, yet many symbols still remain obscure. 
For the modern reader, separated by more than three cen- 
turies from the time when the alchemical tradition was still 
à major force in the West, one can in fact hope no more in 
the space of a few pages than to present a few glimpses of 
medieval alchemy. The period and the subject matter make a 


Nicolas Flamel, His Exposition of the Hieroglyphical Figures... : 
Oncerning both the theory and Practice of the Philosophers Stone 
don: 1624, chapters I and III). 
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complete exposition quite impossible, were one even able to | 


understand all that the alchemists wrote. It is enough, as an 
introduction to alchemy, for the modern reader to realize 
that the alchemists were not just amateur chemists, that 
alchemy had a definite conception of Nature, a vast language 
of symbolism, an aim and a method completely different 
from those of modern chemistry. Instead of dealing with 
physical entities in themselves, it dealt with them as manifes- 
tations of the subtle domain. The alchemical work sought to 
establish equilibrium in the cosmos, an equilibrium sym- 
bolized by gold in the metallic state. It brought about this 
equilibrium by the aid of the spiritual principle—the Elixir— 
which, like the Divine Act, is transcendent with respect to the 
world of the natures and qualities. The alchemist united with 
the cosmos and participated in its dream, in order to awaken 
ultimately from all dreaming, and thereby to bring deliver- 
ance to his own soul and "salvation" to cosmic matter. 


| 


CHAPTER ELEVEN 


PHILOSOPHY 


PHILOSOPHY IN THE ISLAMIC WORLD began in the third/ 
ninth century, with the translation of Greek philosophical 
texts into Arabic. The first Muslim philosopher, any of whose 
writing has survived—al-Kindi—was also celebrated in the 
Latin West. He was well acquainted with the main tenets of 
Greek philosophy, and even had a translation of a summary 
version of the Enneads made for him. It was he who initiated 
the process of formulating a technical philosophical vocabu- 
lary in Arabic, and of rethinking Greek philosophy in terms 
of Islamic doctrines. In both these respects, he was followed 
by al-Farabi, through whom the basis for Peripatetic philoso- 
phy became well established in Islam. The philosophers of 
this school were familiar with the Alexandrian and Athenian 
Neoplatonists and commentators on Aristotle, and viewed 
the philosophy of Aristotle through Neoplatonic eyes. More- 
over, there are Neopythagorean elements to be seen in al- 
Kindi, Shiite political doctrines in al-Farabi, and ideas of 
Shiite inspiration in certain of the writings of Avicenna. 

The main tendency of the Peripatetic school, however, 
which found its greatest Islamic exponent in Avicenna, was 
toward a philosophy based on the use of the discursive fac- 
ulty, and relying essentially on the syllogistic method. The 
rationalistic aspect of this school reached its terminal point 
with Averroes, who became the most purely Aristotelian of 
the Muslim Peripatetics, and rejected, as an explicit aspect of 
Philosophy, those Neoplatonic and Muslim elements that had 
entered into the world view of the Eastern Peripatetics, such 
as Avicenna. 

From the sixth/twelfth century onward, the other major 
School of Islamic philosophy—or, more appropriately speak- 
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ing, "theosophy" in its original sense—came into being. This 
school, whose founder was Suhrawardi, became known as the Il- 
luminationist (ishraqi) school, as contrasted with the Peripatetic 
(mashsh@i) school. While the Peripatetics leaned most 
heavily upon the syllogistic method of Aristotle, and sought 
to reach truth by means of arguments based on reason, the 
Illuminationists, who drew their doctrines from both the Pla- 
tonists and the ancient Persians as well as the Islamic revela- 
tion itself, regarded intellectual intuition and illumination as 
the basic method to be followed, side by side with the use 
of reason. The rationalist philosophers, although they left an 
indelible mark upon the terminology of later Muslim the- 
ology, gradually became alienated from the orthodox elements, 
both theological and gnostic, so that, after their “refutation” 
by al-Ghazzali, they exercised little influence upon the main 
body of Muslim opinion. But the Illuminationist school, which 
combined the method of ratiocination with that of intellectual 
intuition and illumination, came to the fore during that very 
period that is generally—although quite erroneously—re- 
garded as the end of Islamic philosophy. In fact along with 
gnosis it occupied the central position in the intellectual life 
of Islam. At the very moment when, in the West, Augustinian 
Platonism (which regarded knowledge as the fruit of illum- 
ination) was giving way to Thomistic Aristotelianism (which 
turned away from this very doctrine of illumination), the re- 
verse process was taking place in the Islamic world. 

We must, however, make a distinction between the Sunni 
and Shiite reactions to philosophy. The Sunni world rejected 
philosophy almost entirely after Averroes, except for logic 
and the continuing influence of philosophy on its methods 
of argumentation, as well as some cosmological beliefs that 
have remained in the formulations of theology, and certain 
Sufi doctrines. In the Shia world, however, the philosophy of 
both the Peripatetic and Illuminationist school has been taught 
continuously as a living tradition through the centuries in the 
religious schools; some of the greatest figures in Islamic phi- 
losophy, such as Mulla Sadrà, who was contemporary with 
Descartes and Leibniz, came long after the period usually re- 
garded as "the productive phase" of Islamic philosophy. 

As for the differences between the Sunni and Shiite perspec- 
tives, it should be emphasized that it was early in its history 
that Islam became divided along the lines of these two per- 
spectives, both of which are orthodox and legitimate inter- 
pretations of the Islamic revelation, each suited for a particu- 
lar type of mental and psychological constitution. The Shia 
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have always been a numerical minority, and constitute today 
perhaps one-fifth or one-sixth of the Islamic world. Their 
spiritual and cultural importance during Islamic history, how- 
ever, has been much greater than their number might indi- 
cate—especially during the fourth/tenth and fifth/eleventh 
centuries, when they ruled over large sections of the Islamic 
world. In Persia, Twelver Shiism has been dominant since 
the tenth/sixteenth century, and it is not accidental that it 
was in this predominantly Shiite atmosphere that philosophy 
found its most congenial habitat after the time of Averroes 
Here, logic and the Peripatetic philosophy which is essentially 
based on it have become a preparation for undertaking the 
study of the doctrines of the Illuminationist school, and this 
study in turn a ladder for rising to the comprehension of the 
doctrines of pure gnosis. 

Of the various branches of Shiite Islam, two are of particu- 
lar importance for the study of Islamic philosophy, the 
Twelve-Imam or Ja‘fari school, and the Ismaili, which had a . 
great influence, both political and cultural, during the Middle 
Ages. The Shiite imams, who bear within themselves the 
prophetic light, are the interpreters par excellence of the 
inner meaning of all things, of the book of Revelation as well 
as of the book of Nature. They possess in principle the 
knowledge of all things, supernatural as well as natural, and 
some of them—particularly Ja‘far al-Sadiq, the sixth imam— 
were not only masters of religious and spiritual sciences, but 
wrote about the natural sciences as well. As has already been 
mentioned, the famous alchemist, Jabir ibn Hayyan, claimed 
to be one of imam Ja-far's disciples. In fact, the integration of 
Hermeticism into Islam, and the acceptance of the legitimacy 
of the Greek sciences in the eyes of the Shia came as a result 
of the contact of several of the imams with men learned in 
the Greek sciences. 

The Shia thereupon sought to cultivate various sciences, 
particularly the cosmological ones. Many of the famous Mus- 
lim scientists and philosophers—such as Avicenna, Nasir-i 
Khusrau, and Nasir al-Din al-Tüsi—were either Shiite, or 
from a Shiite background. There is, among Shiite writings, a 
vast literature dealing with Nature and its spiritual signifi- 
cance. Alchemical and numerical symbolism are used exten- 
sively in the cosmological treatises of this group, the physical 
domain being studied primarily as a symbol of the higher 
orders of reality. Nature is regarded as a book, whose inner 
meaning can be understood only by symbolic interpretation 
(tawil), and not by “literal” observation. The Shia join the 
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Sufi perspective in attaching a spiritual significance to the 
study of Nature, and in viewing the physical world as a mir. 
ror in which spiritual realities are reflected. For them, as for: 
the Sufis and certain philosophers, the universe consists of a3 
hierarchy of beings, which descend from a single source and 
return ultimately to their unique Origin. : 
To illustrate the Shiite conception of Nature, we give a pas- 
sage from the writings of the eighth/fourteenth century phi- 
losopher and Sufi poet, Afdal al-Din al-Kashani, associated with 
Nasir al-Din al-Tüsi, in which the essential elements of the 
symbolic interpretation of Nature are clearly stated: 


i 


Creatures are of two kinds: those who receive action, which 
are the created, and the original beings [the archetypes], ` 
which are eternal. The place of the created beings is called the — ^ 
world of existence, and the place of the archetypes the world : 
of eternity. They also call the world of created beings, the : 
world of Nature, and the world of archetypes, the world of  - 
the Intellect; likewise, the created world is called the particular, 
and the eternal world the universal. All these expressions have 
but one meaning, which is that there are two worlds—one, 
the real; the other, the symbolic. The real is the necessary, 
and the symbolic the contingent; the real is the universal, and 
the symbolic the particular. The beings of the world of par- 
ticulars are symbols of the world of the universals. The 
creatures of this world subsist through the archetypes of the 
other; persons of this world have their existence through those 
of the other. 

The beings of the world of particulars each possess a 
measure and quantity, whereas the beings of the world of 
universals are without quantity or measure. The beings of the 
world of becoming are dead by themselves, and alive by that 
which is other than themselves, while the beings of the eternal 
world are alive by themselves. Sensible knowledge of this 
world, that is, the world of becoming, is a symbol of the intel- 
ligible knowledge of that world. The physical world is the 
symbol and image of the spiritual world.: 


E 
b 


The summation and perfection of the philosophy of al- 
Kindi and al-Farabi came with Avicenna, who may in a 
sense be regarded as the founder of what is distinctly 
medieval philosophy. Avicenna was perhaps the greatest phi- 
losopher-scientist, and certainly the most influential philoso- * 
pher, within the Islamic world. He represents an excellent 


1 Afdal al-Din al-Kashani, Musannafat (Tehran: University Press, 1954), 
pp. 47-48. Translated by S. H. Nasr. 
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example of the hakim or wise man, in whom various branches 
of knowledge are united. After his death, his writings soon 
became the source from which many different schools were 
to draw their ideas and inspiration. 

Avicenna was not only a Peripatetic philosopher who com- 
bined the doctrines of Aristotle with certain elements from 
the Neoplatonists, and a scientist who observed Nature within 
the framework of the medieval philosophy of Nature; he was 
also one of the precursors of the metaphysical school of Il- 
luminationism (ishrüg), whose greatest exponent was Suhra- 
wardi. In his later works, especially the Visionary Narratives 
(or *Recitals"), and the treatise on love, the cosmos of the 
syllogistic philosophers is transformed into a universe of sym- 
bols through which the gnostic journeys towards his final 
beatitude. In The "Logic" of the Orientals, belonging to a 
larger work, most of which has been lost, Avicenna repudi- 
ated his own earlier works, which are chiefly Aristotelian, as 
being suitable for the common people; instead, he proposed to 
present, for the élite, the "Oriental philosophy." His trilogy— 
Hayy ibn Yaqzan (Living Son of the Awake), al-Tair (The 
Bird, and Salaman and Absal—deals with the complete 
cycle of the gnostic's journey from the "world of shadows" 
to the Divine Presence, the Orient of Light. In these writ- 
ings, the outline of the universe of the medieval philosophers 
and scientists remains unchanged; the cosmos becomes inter- 
nalized, however, within the being of the gnostic—a “crypt,” 
with respect to which the initiate must orient himself, and 
through which he must journey. The facts and phenomena of 
Nature become transparent, symbols which have a spiritual 
significance for the subject who comes into contact with 
them in this cosmic journey. 

The totality of Avicenna’s work presents a clear example 
of the hierarchy of knowledge within Islamic society. He was 
an observer and an experimenter in geology and in medicine; 
a philosopher of the Peripatetic school, more Neoplatonic 
than Aristotelian; and the author of gnostic texts which were 
to become the source of many commentaries by later Illu- 
minationists. One can see in his writings the harmony of sen- 
sible, rational, and intellectual knowledge, revealed by the 
way of an imposing edifice based upon the hierarchy which 
lies in the nature of things, and which rests ultimately upon 
the multiple states and grades of cosmic manifestation. 

The Book of Healing—the most complete exposition of 
Aristotelian philosophy in Islam—contains sections dealing 
with every branch of the natural sciences (many, such as 
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geology, being based upon years of observation), as well as 
with logic, mathematics, and the first philosophy. Moreover, 
Avicenna describes an elaborate cosmology, in which the 
planets are made to correspond to various intelligences or 
angels, all emanating from the First Intellect. The Latin in- 
terpretations of Avicenna, as exemplified in the attacks of 
William of Auvergne, usually leaned toward criticism of his 
emphasis upon the angels. On the contrary, in the Islamic 
world, particularly in Persia, the cosmology of Avicenna was 
interpreted in the light of an angelology, so that the universe 
always preserved its sacred aspect, and continued to serve 
as the harmonious background for the realities of religion. 
In his narrative cycle, as well as in several poems and short 
treatises less well known in the Western world than his “exo- 
teric" philosophy, Avicenna makes clear the primordiality 
of the intelligible or angelic world, and its superiority over 
the sensible and human one, as well as the necessity for the 
human soul to leave this world of shadows, and to return 
to the angelic world from which it came. Since the Intellect 
is the principle of the universe, the soul gains certain knowl- 
edge of the cosmos only when it is united with the Intellect 
—that is, only when it has regained its angelic nature. Avi- 
cenna expresses this idea in the following poem on the 
human soul. 


It descended upon thee from out of the regions above, 

That exalted, ineffable, glorious, heavenly Dove. 

"Twas concealed from the eyes of all those who its nature would 

ken, l 
Yet it wears not a veil, and is ever apparent to men. 
Unwilling it sought thee and joined thee, and yet, though it 
grieve, 

It is like to be still more unwilling thy body to leave. 

It resisted and struggled, and would not be taméd in haste, 

Yet it joined thee, and slowly grew used to this desolate waste, 

Till, forgotten at length, as I ween, were haunts and its troth 

In the heavenly gardens and groves, which to leave it was loath. 

Until, when it entered the D of its downward Descent, 

And to earth, to the C of its centre, unwillingly went, 

The eye of (I) infirmity smote it, and lo, it was hurled 

Midst the sign-posts and ruined abodes of this desolate world. 
. It weeps, when it thinks of its home and the peace it possessed, 

With tears welling forth from its eyes without pausing or rest, 

And with plaintive mourning it broodeth like one bereft 

O'er such trace of its home as the fourfold winds have left. 

Thick nets detain it, and strong is the cage whereby 
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It is held from seeking the lofty and spacious sky. 

Until, when the the hour of its homeward flight draws near, 
And 'tis time for it to return to its ampler sphere, 

It carols with joy, for the veil is raised, and it spies 

Such things as cannot be witnessed by waking eyes. 

On a lofty height doth it warble its songs of praise 

(For even the lowliest being doth knowledge raise). 

And so it returneth, aware of all hidden things 

In the universe, while no stain to its garment clings. 


Now why from its perch on high was it cast like this 

To the lowest Nadir’s gloomy and drear abyss? 

Was it God who cast it forth for some purpose wise, 
Concealed from the keenest seeker’s inquiring eyes? 
Then is its descent a discipline wise but stern, 

That the things that it hath not heard it thus may learn. 
So ’tis she whom Fate doth plunder, while her star 

Setteth at length in a place from its rising far, 

Like a gleam of lightning which over the meadows shone, 
And, as though it ne’er had been, in a moment is gone.? 


This poem of great beauty in the Arabic original, has 
been the subject of many commentaries throughout the 
ages. 

In the Visionary Narratives, Avicenna, the natural his- 
torian, scientist, and philosopher, becomes the navigator and 
guide through the whole cosmos, from the world of gross 
forms to the Divine Principle. All his wide knowledge, here 
illuminated by intellectual vision, serves him as the basis on 
which to construct with great beauty the panorama of the 
universe through which the initiate must journey. The sci- 
ences of Nature, previously exterior and indirect, are here 
transformed into an immediate and direct reality. The cos- 
mos through which he who seeks to know effectively and 
not only theoretically must travel, becomes internalized 
Within his own being; in a sense, he “becomes” the cosmos. 

Avicenna begins the Narratives with a description of the 
sage, who symbolizes the light of intellectual intuition, as well 
as the spiritual master, who is to guide the initiate; and 
then, in the language of the guide, he describes the anatomy . 
of the universe, or cosmic “crypt,” through which guide 
and initiate, master and disciple, are to journey. 

The Sage says: 


2 E. G. Browne, A Literary History of Persia (London: T. Fisher Unwin, 
1906), II, pp. 110-111. The translation from the Arabic is by Browne. Re- 
Printed by permission of Ernest Benn Limited, London. 
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“My name is Vivens; my lineage, filius Vigilantis; as to my 
country, it is the Celestial Jerusalem [lit, the ‘Most Holy 
Dwelling,’ al-Bait al-Muqaddas]. My profession is to be forever 
journeying, to travel about the universe so that I may know 
all its conditions. My face is turned toward my father, and 
my father is Vigilans. From him I have learned all science, 
he has given me the keys to every kind of knowledge. He has 
shown me the roads to follow to the extreme confines of the 
universe, so that since my journey embraces the whole circle 
of it, it is as if all the horizons of all climes were brought 
together before me." 


He describes the Universe as follows: 


“The circumscriptions of the earth are threefold: one is 
intermediate between the Orient and the Occident. It is the 
best known; much information concerning it has reached thee 
and has been rightly understood. Notices even of the marvelous 
things contained in that clime have reached thee. But there are 
two other strange circumscriptions: one beyond the Occident, 
the other beyond the Orient. For each of them, there is a 
barrier preventing access from this world to that other circum- 
scription, for no one can reach there or force a passage save 
the Elect among the mass of men, those who have gained a 
strength that does not originally belong to man by right of 
nature. 

“What aids in gaining this strength is to immerse oneself in 
the spring of water that flows near the permanent Spring of 
Life. When the pilgrim has been guided on the road to that 
spring, and then purifies himself in it and drinks of that 
sweet-tasting water, a new strength arises in his limbs, making 
him able to cross vast deserts. The deserts seem to zoll up 
before him. He does not sink in the waters of the ocean; he 
climbs Mount Qaf without difficulty, and its guards cannot 
fling him down into the abysses of hell.... 

"Thou hast heard of the Darkness that forever reigns about 
the pole. Each year the rising sun shines upon it at a fixed time. 
He who confronts that Darkness and does not hesitate to 
plunge into it for fear of difficulties will come to a vast space, 
boundless and filled with light. The first thing he sees is a 
living spring whose waters spread like a river over the 
barzakh [purgatory]. Whoever bathes in that spring becomes 
so light that he can walk on water, can climb the highest 
peaks without weariness, until finally he comes to one of the 
two circumscriptions by which this world is intersected. . . . 

“At the uttermost edge of the Occident there is a vast sea, 
which in the Book of God is called the Hot (and Muddy) Sea. 
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It is in those parts that the sun sets. The streams that fall into 
that sea come from an uninhabited country whose vastness 
none can circumscribe, No inhabitant peoples it, save for 
strangers who arrive there unexpectedly, coming from other 
regions. Perpetual Darkness reigns in that country. Those who 
emigrate there obtain a flash of light each time that the sun 
sinks to its setting. Its soil is a desert of salt. Each time that 
people settle there and begin to cultivate it, it refuses; it 
expels them, and others come in their stead. Would any grow 
a crop there? It is scattered. Is a building raised there? It 
crumbles. Among those people there is perpetual quarreling 
or, rather, mortal battle. Any group that is strongest seizes the 
homes and goods of the others and forces them to emigrate. 
They try to settle; but in their turn they reap only loss and 
harm. Such is their behavior. They never cease from it. 

“All kinds of animals and plants appear in that country; 
but when they settle there, feed on its grass, and drink its 
water, suddenly they are covered by outsides strange to their 
Form. A human being will be seen there, for example, covered 
by the hide of a quadruped, while thick vegetation grows on 
him. And so it is with other species. And that clime is a 
place of devastation, a desert of salt, filled with troubles, wars, 
quarrels, tumults; there joy and beauty are but borrowed 
from a distant place. 

*Between that clime and yours there are others. However, 
beyond this clime of yours, beginning at the region in which 
the Pillars of the Heavens are set, there is a clime that is like 
yours in several ways. In the first place, it is a desert plain; 
it too is peopled only by strangers come from distant places. 
Another similarity is that that clime borrows its light from a 
foreign source, though it is nearer to the Window of Light 
than the climes we have described hitherto. In addition, that 
clime serves as foundation for the heavens, just as the 
preceding clime serves as the seat for this earth, is its perma- 
nent base. On the other hand, the inhabitants who people that 
other clime are sedentaries there in perpetuity. Among the 
strangers who have come there and settled, there is no war; 
they do not seize each others’ homes and goods by force. Each 
group has its fixed domain, into which no other comes to 
inflict violence upon it. 

“In relation to you, the nearest inhabited country of that 
clime is a region whose people are very small in stature and 
swift in their movements. Their cities are nine in number. 

"After that region comes a kingdom whose inhabitants 
are even smaller in stature than the former, while their gait 
is slower. They passionately love the arts of the writer, 
the sciences of the stars, theurgy, magic; they have a taste 
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for subtle occupations and deep works. Their cities number 
ten." 


After giving a similar astronomical and astrological de- 
scription for the other planets, Avicenna's Sage continues: 


"Next comes an immense kingdom, with great scattered 
countries. Its inhabitants are numerous. They are solitaries; 
they do not live in cities. Their abode is a desert plain where 
nothing grows. It is divided into twelve regions, which contain 
twenty-eight stations. No group goes up to occupy the station 
of another except when the group preceding it has withdrawn 
from its dwelling; then it hastens to replace it. All the migrants 
expatriated in the kingdoms that we have described hitherto 
travel about this kingdom and perform their evolutions there. 

“Marching with it is a kingdom of which no one has 
descried or reached the boundaries down to this day. It con- 
tains neither city nor town. No one who is visible to the 
eyes of the body can find refuge there. Its inhabitants are the 
spiritual Angels. No human being can reach it nor dwell 
there. From it the divine Imperative and Destiny descend 
upon all those who occupy the degrees below. Beyond it there 
is no earth that is inhabited. In short, these two climes, to 
which the heavens and the earth are respectively joined, are 
on the left side of the universe, that which is the Occident." 


Describing the Orient, the Sage says: 


“He who is taught a certain road leading out of this clime 
and who is helped to accomplish this exodus, such a one will 
find an egress to what is beyond the celestial spheres. Then, 
in a fugitive glimpse, he descries the posterity of the Primordial 
Creation, over whom rules as king the One, the Obeyed. 

"There, the first delimitation is inhabited by intimates of 
that sublime King; they ever assiduously pursue the work that 
brings them near to their King. They are a most pure people, 
who respond to no solicitation of gluttony, lust, violence, 
jealousy, or sloth. The mission laid upon them is to attend 
to the preservation of the ramparts of that empire, and it is 
there that they abide. Hence they live in cities; they occupy 
lofty castles and magnificent buildings, whose material was 

‘kneaded with such care that the result is a compound that 
in no wise resembles the clay of your clime. Those buildings 
are more solid than diamond and jacinth, than all things that 
require the longest time to wear away. Long life has been 
bestowed upon the people; they are exempt from the due date 
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of death; death cannot touch them until after a long, a very 
long term. Their rule of life consists in maintaining the ram- 
parts in obedience to the order given them. 

*Above them is a people that has more intimate dealings 
with the King and that is unceasingly bound to His service. 
They are not humiliated by having to fill this office; their 
State is preserved against all attack, nor do they change their 
occupation. They were chosen to be intimates, and they have 
received the power of contemplating the highest palace and 
stationing themselves all about it. It has been granted them 
to contemplate the face of the King in unbroken continuity. 
They have received as adornment the sweetness of a subtle 
grace in their nature, goodness and penetrating wisdom in 
their thoughts, the privilege of being the final term to which 
all knowledge refers. They have been endowed with a shining 
aspect, a beauty that sets the beholder trembling with admira- 
tion, a stature that has attained its perfection. For each of 
them, a limit has been set that belongs to him alone, a fixed 
rank, a divinely ordained degree, to which no other contests 
his right and in which he has no associate, for all the others 
either are above him or each respectively finds sweetness in 
his lower rank. Among them there is one whose rank is 
nearer to the King, and he is their ‘father,’ and they are his 
children and grandchildren. It is through him that the King's 
word and order emanate to them. And among other marvels 
pertaining to their condition is this: never does the course of 
time expose their nature to the marks and withering of age 
and decrepitude. Far from it, he among them who is their 
‘father,’ though the oldest in duration, is thereby all the more 
abounding in vigor, and his face has all the more of the 
beauty of youth. They all live in the desert; they have no 
need of dwelling places or shelter. 

“Among them all the King is the most withdrawn into that 
solitude. Whoever connects Him with an origin errs. Whoever 
Claims to pay Him praise that is proportionate to Him is an 
idle babbler. For the King escapes the power of the clever 
to bestow qualifications, just as here too all comparisons fail 
of their end. Let none, then, be so bold as to compare Him 
to anything whatsoever. He has no members that divide Him: 
He is all a face by His beauty, all a hand by His Generosity. 
And His beauty obliterates the vestiges of all other beauty. 
His generosity debases the worth of all other generosity. When 
one of those who surround His immensity undertakes to 
meditate on Him, his eye blinks with stupor and he comes away 
dazzled. Indeed, his eyes are almost ravished from him, even 
before he has turned them upon Him. It would seem that His 
beauty is the veil of His beauty, that His Manifestation is the 
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cause of His Occultation, that His Epiphany is the cause of 
His Hiddenness. Even so, it is by veiling itself a little that the 
sun can be the better contemplated; when, on the contrary, 
the heliophany sheds all the violence of its brightness, the sun 
is denied to the eyes, and that is why its light is the veil of its 
light. In truth, the King manifests His beauty on the horizon 
of those who are His; toward them He is not niggardly of His 
vision; those who are deprived of contemplating Him are so 
because of the wretched state of their faculties. He is mild and 
merciful. His generosity overflows. His goodness is immense, 
His gifts overwhelm; vast is His court, universal His favor. 
Whoever perceives a trace of His beauty fixes his contemplation 
upon it forever; never again, even for the twinkling of an eye, 
does he let himself be distracted from it. 

“Sometimes certain solitaries among men emigrate toward 
Him. So much sweetness does He give them to experience that 
they bow under the weight of His graces. He makes them 
conscious of the wretchedness of the advantages of your 
terrestrial clime. And when they return from His palace, they 
return laden with mystical gifts.”3 


3 Henry Corbin, Avicenna and the Visionary Recital, translated from the 
French by Willard R. Trask (Bollingen Series LXVI. Copyright 1960 by 
Bollingen Foundation, New York. Distributed by Princeton University 
Press), pp. 137-138; 141-143; 144—145; 148-150. London: Routledge 
Kegan Paul Ltd. Reprinted by permission, 


CHAPTER TWELVE 


THE CONTROVERSIES OF 
PHILOSOPHY AND THEOLOGY— 
THE LATER SCHOOLS OF 
PHILOSOPHY 


THE PHILOSOPHY OF AVICENNA, especially in its symbolic 
and cosmological aspects, continued to be studied and culti- 
vated in the Shiite world, while in the Sunni world the rational- 
istic view inherent in the Peripatetic philosophy was being 
refuted in the name of the tenets of Islamic Revelation. 
Sunni theology—like all theology, which is meant above all 
to protect reason from falling into error—sought to fight 
against certain elements of rationalist Greek philosophy by 
means of reason itself. 

Theology began among the Muslims as the result of an 
attempt to defend the tenets of their faith against attacks by 
followers of other religions, and especially the Christians, who 
were armed with the tools of Greek logic. At first, it was 
dominated by the Mutazilites. Gradually, following an early 
period of intense debate over such questions as determinism 
and free will, the nature of the divine attributes, etc., a theo- 
logical tradition became established which, after the fourth/ 
tenth century, fell under the domination of the Asharites. 
The school of Scholastic theology—Kalam as it has become 
known in Islamic history—did not, like the schools of phi- 
losophy, deal with every question which presents itself to the 
human mind, but restricted itself, instead, chiefly to spe- 
Cifically religious matters. It did not attempt, however, to fol- 
low the teachings of any particular Greek school, so that the 
theologians were able to expound certain quite original 
theses. They used the logic developed by Aristotle and his 
School, but to different ends; their “philosophy of Nature"— 
their speculations regarding the nature of light and heat, the 
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meaning of causality and the “explanation” of natural events | 
—are quite distinct from the views of the Peripatetics. j 

The dominant school of Sunni theology, which arose in the 
fourth/tenth century in response to various currents of ra- - 
tionalistic thought based on Greek philosophy, was the _ 
Asharite school, named after its founder, Abwl-Hasan al- 
Ash'ari, who lived during the third/ninth Islamic century, - 
The school spread rapidly after his death, and has remained - 
ever since the dominant theology of the Sunni world. The 
doctrines of al-Ash‘ari were developed and extended, espe- 
cially in the domain of the philosophy of Nature, by Abü 
Bakr al-Bāqillanī, who was al-Ash-ari's student. 

The central idea which dominates the many aspects of 
Sunni theology is a conceptual atomism," which breaks the 
apparent continuity of the world and of its matrices, time and 
space, and makes God the direct agent in all events. This 
"atomism" has its roots in the specific character of Islam, 
which asserts the absolute transcendence of the Divine Prin- 
ciple, and the "nothingness" of all beings, from the lowest 
animal to the highest Intellect, before that Principle. Sec- 
ondarily, this “atomism,” which stresses the discontinuity 
between the finite and the Infinite, is dependent upon the 
spiritual and psychological structure of the Arabic language, 
and. of the Arab mind, for whom the aspect of the concrete 
discontinuity of things and actions predominates over any ab- 
stract continuity of cause and effect, established by examina- 
tion of the relations existing between all things. 

The Asharites therefore reject the Aristotelian notion of 
causality. For them, everything is caused directly by God; 
every cause is the Transcendent Cause. A fire is hot, not be- 
cause it is "in its nature" to be so, but because God willed 
it so. The coherence of the world is due, not to the “hori- 
Zontal" relation between things, or between various causes 
and effects, but to the "vertical" bond which connects each 
concrete entity or "atom" with its ontological cause. Unlike 
some of the philosophers, and the other schools of theology 
(including that of the Shia), the Asharites lay primary stress 
upon the discontinuity between the world and God, and the 
nothingness of everything in the universe before the Creator. 
For them, all intermediate causes and states of beings are 
absorbed into the Divine Principle. One may say that a par- 
ticular being is “nothing” before the Infinite, but also that it 
is real, inasmuch as that particular being exists and there- 
fore shares some degree of reality. The Asharites based their 
views on this aspect of “nothingness,” while the philosophers, 
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following the Neoplatonists, based their view on the con- 
tinuity between the universe and its ontological cause. It re- 
mained for the Sufis to formulate the doctrine which contains 
the synthesis of these (logically speaking) "contradictory" 
relations, as two aspects of the same reality. 


A. Al-Ghazzalv 


The spread of Asharite theology curtailed the influence 
of rationalism in Islam and with the help of Sufism finally 
destroyed it as a major force. The person who was destined 
to accomplish the “destruction of the philosophers,” and at 
the same time to establish a harmony between the exoteric 
and esoteric elements of Islam, was Abi Hamid Muhammad 
al-Ghazzali (the Latin “Algazel”). 

Respected by the jurisprudents, theologians, and Sufis alike, 
and possessing a remarkable lucidity of thought and power of 
expression, he clarified once and for all in his writings the 
role which philosophy, as the attempt of human reason to ex- 
plain all things in a system, was to have in Islam, and espe- 
cially in Sunni Islam. After him, rationalistic philosophy con- 
tinued to be taught, particularly in the Shiite world, but not 
as a central aspect of the intellectual life of Islam. Al-Ghaz- 
zali died in Tus, having oriented Muslim intellectual life in 
the direction which it has followed ever since, and which 
has distinguished it from its sister civilization in Western 
Europe. In the Latin world, Aristotelianism was adopted by 
Christianity; its rationalistic structure became a half-way 
mark between the metaphysical perspective of the Church 
Father and the rationalism of the Renaissance and the 
seventeenth century. The growth of Aristotelianism was to 
lead to the Thomistic synthesis, but also to the gradual stifling 
of the metaphysical and gnostic element in Christianity, as 
represented by the Fideli d'Amore and the Rhenish Mystics. 
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In Islam, al-Ghazzali, who may in a way be compared with 
St. Thomas, drove Aristotelianism from the inner life of 
Islam, thereby guaranteeing the survival of the school of 
Illuminationism and Sufism, which have been able to maintain 
themselves to this day. The radically different course of 
events in the West and in the Islamic world during the follow- 
ing centuries, despite the many similarities of the two civiliza- 
tions during the Middle Ages, can perhaps be explained in 
part by the different attitude each civilization was to adopt 
with respect to Peripatetic philosophy. 

The reaction of orthodox Islam, both the theologians and 
also certain gnostics, against the rationalistic philosophers, 
especially as to the sciences of Nature, is best exemplified in 
al-Ghazzali’s “confessions,” Deliverance from Error, in which 
he enumerates the various philosophical and scientific schools 
and their limitations. 


A. The schools of philosophers, and how the defect of 
unbelief affects them all. The many philosophical sects and 
systems constitute three main groups: the Materialists, the 
Naturalists, and the Theists. 

The first group, the Materialists, are among the earliest 
philosophers. They deny the Creator and Disposer of the 
world, omniscient and omnipotent, and consider the world 
has everlastingly existed just as it is, of itself and without a 
creator, and that everlastingly animals have come from seed 
and seed from animals; thus it was and thus it will ever be. 
These are the Zanádiqah or irreligious people. 

The second group, the Nafuralists, are a body of philosophers 
who have engaged in manifold researches into the world of 
nature and the marvels of animals and plants, and have 
expended much effort in the science of dissecting the organs 
of animals. They see there sufficient of the wonders of God's 
creation and the inventions of His wisdom to compel them to 
acknowledge a wise Creator who is aware of the aims and 
purposes of things. No one can make a careful study of anatomy 
and the wonderful uses of the members and organs without 
attaining to the necessary knowledge that there is a perfection 
in the order which the framer gave to the animal frame, and 
especially to that of man. 

Yet these philosophers, immersed in their researches into 
nature, take the view that the equal balance of the temperament 
has great influence in constituting the powers of animals. 
They hold that even the intellectual power in man is dependent 
on the temperament, so that, as the temperament is corrupted, 
intellect also is corrupted and ceases to exist. Further, when a 
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thing ceases to exist, it is unthinkable in their opinion that 
the nonexistent should return to existence. Thus it is their 
view that the soul dies and does not return to life, and they 
deny the future life—heaven, hell, resurrection and judgment; 
there does not remain, they hold, any reward for obedience 
or any punishment for sin. With this curb removed, they give 
way to a bestial indulgence of their appetites. 

These are also irreligious, for the basis of faith is faith in 
God and in the Last Day, and these, though believing in God 
and His attributes, deny the Last Day. 

The third group, the Theists, are the more modern philoso- 
phers and include Socrates, his pupil Plato, and the latter's 
pupil Aristotle. It was Aristotle who systematized logic for 
them and organized the sciences, securing a higher degree of 
accuracy and bringing them to maturity. 

The Theists in general attacked the two previous groups, 
the Materialists and the Naturalists, and exposed their defects 
so effectively that others were relieved of the task. “And God 
relieved the believers of fighting" (Koran, 33, 25) through 
their mutual combat. Aristotle, moreover, attacked his prede- 
cessors among the Theistic philosophers, especially Plato and 
Socrates, and went so far in his criticisms that he separated 
himself from them all. Yet he too retained a residue of their 
unbelief and heresy from which he did not manage to free 
himself. We must therefore reckon as unbelievers both these 
philosophers themselves and their followers among the Islamic 
philosophers, such as Ibn Sina, al-Fàrübi and others; in trans- 
mitting the philosophy of Aristotle, however, none of the 
Islamic philosophers has accomplished anything comparable to 
the achievements of the two men named. The translations of 
others are marked by disorder and confusion, which so perplex 
the understanding of the student that he fails to comprehend; 
and if a thing is not comprehended how can it be either refuted 
or accepted? 

All that, in our view, is genuinely part of the philosophy of 
Aristotle, as these men have transmitted it, falls under three 
heads: (1) what must be counted as unbelief; (2) what must 
be counted as heresy; (3) what is not to be denied at all. Let us 
proceed, then, to the details. 

B. The Various Philosophical Sciences. For our present 
purposes the philosophical sciences are six in number: mathe- 
matics, logic, natural sciences, theology, politics, ethics. 

]. MATHEMATICS. This embraces arithmetic, plane geometry 
and solid geometry. None of its results are connected with re- 
ligious matters, either to deny or to affirm them. They are 
matters of demonstration which it is impossible to deny once 
they have been understood and apprehended. Nevertheless, 
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there are two drawbacks which arise from mathematics. (a) 
The first is that every student of mathematics admires its pre- 
cision and the clarity of its demonstrations. This leads him to 
believe in the philosophers and to think that all their sciences 
resemble this one in clarity and demonstrative cogency. 

Further, he has already heard the accounts on everybody's 
lips of their unbelief, their denial of God's attributes, and their 
contempt for revealed truth; he becomes an unbeliever merely 
by accepting them as authorities, and says to himself, "If re- 
ligion were true, it would not have escaped the notice of these 
men, since they are so precise in this science." Thus, after be- 
coming acquainted by hearsay with their unbelief and denial 
of religion, he draws the conclusion that the truth is the denial 
and rejection of religion. How many have I seen who err from 
the truth because of this high opinion of the philosophers and 
without any other basis! 

Against them one may argue: "The man who excels in one 
art does not necessarily excel in every art. It is not necessary 
that the man who excels in law and theology should excel in 
medicine, nor that the man who is ignorant of intellectual 
speculations should be ignorant of grammar. Rather, every art 
has people who have obtained excellence and preeminence in 
it, even though stupidity and ignorance may characterize them 
in other arts. The arguments in elementary matters of mathe- 
matics are demonstrative whereas those in theology (or meta- 
physics) are based on conjecture. This point is familiar only to 
those who have studied the matter deeply for themselves." 

If such a person is fixed in this belief which he has chosen 
out of respect for authority, he is not moved by this argument 
but is carried by strength of passion, love. of vanity, and the 
desire to be thought clever to persist in his good opinion of 
the philosophers with regard to all the sciences. . . . 

(b) The second drawback arises from the man who is loyal 
to Islam but ignorant. He thinks that religion must be de- 
fended by rejecting every science connected with the phi- 
losophers, and so rejects all their sciences and accuses them 
of ignorance therein. He even rejects their theory of the eclipse 
of the sun and moon, considering that what they say is con- 
trary to revelation. When that view is thus attacked, someone 
hears who has knowledge of such matters by apodeictic dem- 
onstration. He does not doubt his demonstration, but, believing 
that Islam is based on ignorance and the denial of apodeictic 

. proof, grows in love for philosophy and hatred for Islam. 

A grievous crime indeed against religion has been committed 
by the man who imagines that Islam is defended by the denial 
of the mathematical sciences, seeing that there is nothing in re- 
vealed truth opposed to these sciences by way of either negation 
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or affirmation, and nothing in these sciences opposed to the 
truths of religion. Muhammad (peace be upon him) said, "The 
sun and the moon are two of the signs of God; they are not 
eclipsed for anyone's death nor for his life; if you are witness 
of such an event, take refuge in the recollection of God (most 
high) and in prayer." There is nothing here obliging us to deny 
the science of arithmetic which informs us specifically of the 
orbits of sun and moon, and their conjunction and opposition. 
(The further saying of Muhammad [peace be upon him], 
“When God manifests himself to a thing, it submits to Him,” 
is an addition which does not occur at all in the collections of 
sound Traditions. ) 

This is the character of mathematics and its drawbacks. 

2. LOGIC. Nothing in logic is relevant to religion by way of 
denial or affirmation. Logic is the study of the methods of 
demonstration and of forming syllogisms, of the conditions for 
the premises of proofs, of the manner of combining the prem- 
ises, of the conditions for sound definition and the manner of 
ordering it. Knowledge comprises (a) the concept, which is 
apprehended by definition, and (b) the assertion or judgment, 
which is apprehended by proof. There is nothing here which 
requires to be denied. Matters of this kind are actually men- 
tioned by the theologians and speculative thinkers in connection 
with the topic of demonstrations. The philosophers differ from 
these only in the expressions and technical terms they employ 
and in their greater elaboration of the explanations and classi- 
fications. An example of this is their proposition, “If it is true 
that all A is B, then it follows that some B is A,” that is, “If it 
is true that all men are animals, then it follows that some 
animals are men.” They express this by saying that “the uni- 
versal affirmative proposition has as its converse a particular 
affirmative proposition.” What connection has this with the 
essentials of religion, that it should be denied or rejected? If 
such a denial is made, the only effect upon the logicians is to 
impair their belief in the intelligence of the man who made 
the denial and, what is worse, in his religion, inasmuch as he 
considers that .t rests on such denials. 

Moreover, there is a type of mistake into which students of 
logic are liable to fall. They draw up a list of the conditions to 
-be fulfilled by demonstration, which are known without fail 
to produce certainty. When, however, they come at length to 
treat of religious questions, not merely are they unable to satisfy 
these conditions, but they admit an extreme degree of relaxa- 
tion (sc. of their standards of proof)... . 

3. NATURAL SCIENCES OR PHYSICS. This is the investigation 
of the sphere of the heavens together with the heavenly bodies, 
and of what is beneath the heavens, both simple bodies like 
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water, air, earth, fire, and composite bodies like animals, plants 
and minerals, and also of the causes of their changes, trans- 
formations and combinations. This is similar to the investiga- 
tion by medicine of the human body with its principal and 
subordinate organs, and of the causes of the changes of tem- 
perament. Just as it is not a condition of religion to reject 
medical science, so likewise the rejection of natural science is 
not one of its conditions, except with regard to particular points 
which I enumerate in my book, The Incoherence of the Phi- 
losophers. Any other points on which a different view has to 
be taken from the philosophers are shown by reflection to be 
implied in those mentioned. The basis of all these objections 
is the recognition that nature is in subjection to God most high, 
not acting of itself but serving as an instrument in the hands 
of its Creator. Sun and moon, stars and elements, are in sub- 
jection to His command. There is none of them whose activity 
is"produced by or proceeds from its own essence.1 


B. Averroes and Philosophy in Andalusia | 


In Andalusia Islamic philosophy reached its peak and also 
termination with Averroes and began three centuries before 
him with Ibn Masarrah, the Sufi and philosopher who 
founded the school of Almería. The “pseudo-Empedoclean” 
writings in which the doctrine of intelligible matter and a par- 
ticular cosmology based on five stages of "matter"—the uni- 
versal, intellectual, psychic, natural and “second” matter— 
are expounded are connected with his name. His teachings 


were to have much influence on the Jewish philosopher Ibn . 
Gabirol (Avicebron) as well as on the Sufi master Ibn 


*Arabi. 
. In the fifth/eleventh century the theologian, philosopher 
and historian of religion Ibn Hazm enhanced the cause of 


1 W. Montgomery Watt, The Faith and Practice of Al-Ghazali (London: 
George Allen and Unwin, 1953), pp. 30-36. 
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philosophical and theological studies in Andalusia through 
his voluminous writings. Besides being credited with an out- 
standing work on the history of religions, Ibn Hazm wrote 
several philosophic works, the most familiar being the Ring 
of the Dove which in the manner of Phaedrus of Plato 
analyzes the universal love that pervades the whole cosmos. 
Ibn Hazm in fact represents the Platonic strain in Islamic 
philosophy- in Andalusia. 

As for the Peripatetic school, it found its first outstanding 
representative in Avempace who was born in the north of 
Spain in Zaragoza and died in Fez in 533/1138. He was both 
a scientist and philosopher and exerted a great influence de- 
spite the loss of most of his writings. Like most other 
Andalusian philosophers he was more attracted to the phi- 
losophy of al-Farabi than Avicenna while at the same time 
he was opposed to al-Ghazzali who had only a few years © 
before Avempace criticized Avicenna on certain points of his 
philosophy. Although himself drawn to a metaphysical inter- 
pretation of philosophy which drew it into the domain of 
gnosis, he represented another tendency than the perspective 
of al-Ghazzali. In fact he gave what one might call an “anti- 
Ghazzalian” imprint to Andalusian philosophy which cul- 
minated with Averroes who was opposed to al-Ghazzali as 
well as to certain interpretations of Avicenna whom al-Ghaz- 
zali had in turn criticized. 

Avempace wrote several commentaries upon Aristotle as 
well as independent works on astronomy, philosophy and 
music and, in fact, like al-Fáràbi was a competent musician. 
In astronomy, as we learn from Maimonides, he wrote a trea- 
tise defending the Aristotelian celestial physics against the 
Ptolemaic epicyclic system, thus underlining an extensive 
debate which was carried out by later astronomers and phi- 
losophers. 

Avempace's main philosophical work is the Regime of the 
Solitary which he left unfinished. Although externally it seems 
to deal with "political philosophy," it is actually a metaphys- 
ical work based on the central theme of union with the 
Active Intellect. Avempace developed an elaborate theory of 
spiritual forms. He distinguished between intelligible forms 
abstracted from matter and intelligible forms independent of 
matter and believed the process of philosophical realization 
to be to go from the first to the second. This doctrine is of 
utmost importance in his physics where he applies it to the 
Pd of gravity with results that had a far-reaching historic 
effect. 
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It is in fact in the domain of the philosophical aspect of 
physics that Avempace is best known in the West. None of 
his works were translated into Latin but through quotations l 
by Averroes and others he exercised an influence which is to 
be seen even in the writings of Galileo. In the early Pisan 
Dialogue there are two important elements, the impetus 
theory and the “Avempacean” dynamics, both of which have 
their basis in Islamic sources as elaborated by late medieval 
Latin philosophers and scientists. 

As far as the impetus theory is concerned it had its origin 
in the criticism of John Philoponus, a sixth-century (A.D.) 
Christian philosopher, against Aristotle's theories of projectile 
motion. Discussing motion in the void—if there were to be 
a void—Philoponus refuted Aristotle's theory that there 
would be no way for a projectile to stop because of the 
homógeneity of the void. Rather, he asserted that the source 
of motion communicates a certain incorporate motive force 
(the Scholastic impetus) which when terminated causes the 
motion to come to an end. Avicenna— who as far as is known 
is the first Muslim authority to elaborate on this question— 
adopted the view of Philoponus against the projectile theories 
of Aristotle and the Muslim theologians but applied it to 
ordinary projectile motion encountering resistance, not just 
theoretical motion in the void. He asserted that the moving 
body borrows from the mover what he calls mail (the Latin 
inclinatio), literally meaning "tendency" in both Arabic and 
Latin, which makes violent motion possible. This mail is 
gradually used up against the resistance until it finishes and 
the motion:terminates. In a vacuum without a resistance, 
therefore, the motion would continue indefinitely. 

The sixth/twelfth century Jewish philosopher Abwl- 
Barakat al-Baghdadi, who is said by some to have become a 
convert to Islam at the end of his long life, continued this 
criticism of the Aristotelian theory of motion and, adopted 
the view of Philoponus but disagreed with Avicenna on the 
perpetual continuity of motion in the void. He also studied 
the question of the accelerated motion of a falling body. As 
pointed out by the authority on medieval philosophy, S. 
Pines, in his masterly studies of Abul-Barakát? he is the 
first to have refuted the basic principle of Aristotelian dy- 


2 Especially “Etudes sur Awhad al-Zamàn Abul-Barakát al-Baghdadi,” 
Revue des Etudes Juives, Vol. III (CHI), No, 1-2, 1938, pp. 3—64; Vol. IV 
(CIV), No. 1-2, 1938, pp. 1-33, upon which we have drawn in this 
analysis. 
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namics according to which a constant force produces a uni- 
form movement whose velocity is proportional to the force 
causing motion. Rather, he asserted that a constant force 
which produces natural motion causes accelerated motion. 

Later Muslim philosophers and theologians adopted the 
views of Avicenna and Abu?l-Barakat on this question and 
some like Mulla Sadra further developed them. In Andalusia, 
however, the philosophers, because of their "anti-Avicen- 
nian" attitude, did not accept the impetus theory, and the 
Latin West, where this theory was known and defended by 
some like Peter Olivi, came to know of it through Avicenna's 
own writings as well as through certain references to it in the 
works of the astronomer al-Bitrüji. 

But Avempace did develop the other criticism of Aris- 
totelian physics which came to be known under his name. 
Averroes in commenting on Chapter 8 of Book IV of the 
Physics of Aristotle, which contains the heart of his discus- 
sion on mechanics and which Galileo especially attacked, 
turns away from the text to criticize the views of Avempace. 
The Stagirite held that in projectile motion the velocity is 
directly proportional to the motive power and inversely pro- 
portional to the resisting medium. Following E. A. Moody, 
whose study of this question has illuminated the debt of the 
early Galileo to Avempace,? if we set V — velocity, P = mo- 
tive power and M — resisting medium, then the Aristotelian 
theory could be written as V — P/M. From the quotation of 
Avempace from his lost commentary on Physics cited by 
Averroes and from the original commentary in Arabic long 
believed to have been lost but recently recovered, it becomes 
clear that he believed V — P—M so that in a vacuum motion 
would not be instantaneous. This view, known as the Avem- 
pace theory, was debated in the Middle Ages and defended 
by St. Thomas and Duns Scotus while Averroes and many in 
the West like Albertus Magnus rejected it. It was also known 
in the Renaissance and in fact is the exact formula which 
Galileo gives in his Pisan Dialogue against Aristotle's view 
of motion, without, however, mentioning the name of its 
discoverer. 

Avempace, moreover, conceived of the force of gravity as 
an inner form, a spiritual form, which moves bodies from 
within and which he compared to the movement of the 
heavenly bodies by the intelligences. He thereby removed the 


3 E. A. Moody, “Galileo and Avempace,” Journal of the History of Ideas. 
Vol. XII, No. 2 (1951), pp. 163-193; No. 3, pp. 375-422. 
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barrier between the heavens and the sublunary world. Galileo: 
also followed him in both these questions except that he was 
extending the laws of terrestrial physics to the heavens, while: 
Avempace held the opposite view. Galileo absorbed the cos- 
mology and the theological implications of celestial physics in 
terrestrial physics and applied the earthly laws everywhere 
in the heavens whereas Avempace was seeking to absorb ter- 
restrial mechanics in a celestial physics with all its spiritual 
implications by elevating the moving force of terrestrial 
bodies to the rank of a spiritual principle. As in so many 
other cases between medieval and modern science there is 


the correlation of ideas and in fact the influence of one set : 


of ideas upon another while at the same time the ends for 
which those ideas were formulated are quite different. 
Avempace's contemporary Ibn al-Sid is also of much 
interest, although he was of a very different character. He 
was a philosopher of Neopythagorean tendencies who, per- 
haps under the influence of the Brethren of Purity, sought to 
correlate the order of existence with the series of numbers. 
He posited three circles, each composed of a decad symboliz- 
ing the world of the intellect, the soul and matter. He believed 
the number 10 to be the basis of the rhythm of life in the 
cosmos as it is the basis of the decimal system of numbers. 
Between Avempace and Averroes there stands the figure 
of Ibn Tufail (the Latin Abubacer), physician, philosopher 
and statesman, who was again known to the West through the 
criticism of Averroes against him in the commentary upon 
the De Anima (On the Soul) of Aristotle. Besides his con- 
tributions in medicine, he is best known for his Living Son 
of the Awake which, however, must not be confused with 
the work of Avicenna by the same title. Ibn Tufail was in 
fact a great admirer of Avicenna, but his work has a different 
setting and end. It is also the quest of knowledge through 
union with the Active Intellect, externally resembling the 
Robinson Crusoe story which, in fact, it inspired. Not known 
during medieval times it was translated in the seventeenth 
century as Philosophus Autodidactus and made a deep im- 
pression upon some of the philosophers of that day as well 
as the mystics in England who spoke of the "inner light" and 
‘sought to discover the “light” within themselves through indi- 
vidual effort. The original aim of Ibn Tufail was not by any 
means the same, but he came to exert an influence on such 
people as the founders of the Quaker movement. More imme- 
diately, in Andalusia itself, he was to provide the link be- 
tween Averroes, the most celebrated Islamic philosopher of 
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Andalusia, and the philosophic tradition which culminated 
with him. 

The answer to Muslim philosophers who sought to modify 
Aristotle as well as the challenge of al-Ghazzali against the 
philosophers was answered, but without too great an effect 
upon the Muslim world itself, by Averroes. The purest of 
Aristotelians among Muslim philosophers, he was to have, 
perhaps because of this fact, a greater influence in the 
Christian than in the Islamic world. He can, in a sense, be 
regarded rather as belonging even more to the philosophical 
tradition of the West, than to the mainstream of the intel- 
lectual life of Islam. The real Averroes, however, is quite 
different from his Latin image, in which he appears as the 
synonym for antireligious thought, practically a disciple of 
the Devil. Averroes actually believed, like many medieval 
philosophers, that both reason and revelation are sources of 
the truth and lead to the same ultimate end as affirmed by 
his book On the Harmony between Philosophy and Religion; 
unlike Avicenna and other famous Muslim philosophers, how- 
ever, his thought remained much more rationalistic than in- 
tellectual. His system is the most complete and faithful ex- 
position in the Islamic world of Aristotle and his Neoplatonic 
commentators. He followed Aristotle quite closely in the sci- 
ences of the sublunary region, although differing from the 
Stagirite on questions regarding the Intellect, the relation of 
God to the universe, and the connection between philosophy 
and religion. Yet, like the Stagirite, he believed that all 
knowledge could be discovered by human reason operating 
upon the experience of the senses, and that the existence of 
God could be proved by arguments drawn from physics. 

The Incoherence of the Incoherence was Averroes's reply 
to al-Ghazzali’s attack upon the philosophers. The reply, 
however, was nowhere nearly as effective in the Islamic world 
as the attack. The ideas of Averroes have been taught in 
certain Islamic countries, such as Persia, ever since his death, 
as part of the corpus of the Peripatetic school. Yet, even in 
the field of Peripatetic philosophy, Averroes has occupied a 
secondary position by comparison with al-Farabi and Avi- 
cenna, whose less rationalistic and more metaphysical per- 
spectives have provided a more congenial companion for 
gnosis, and a more suitable background for intellectual intui- 
tion, than the more rationalistic philosophy of Averroes. 

The following excerpt from The Incoherence of the Inco- 
herence is from the first of four "discussions" about the 
natural sciences—the seventeenth through the twentieth of 
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twenty such discussions—each of which takes up and replies 
to one of al-Ghazzali’s points of attack in The Incoherence 
of the Philosophers. 


THE ATTACK OF AL-GHAZZALI UPON THE PHILOSOPHERS 
AND THE RESPONSE OF ÁVERROES 


Ghazzàli says: According to us the connexion between what 
is usually believed to be a cause and what is believed to be an 
effect is not a necessary connexion; each of two things has its 
own individuality and is not the other, and neither the affirma- 
tion nor the negation, neither the existence nor the non- 
existence of the one is implied in the affirmation, negation, 
existence, and non-existence of the other—e.g., the satisfaction 
of thirst does not imply drinking, nor satiety eating, nor burn- © ` 
ing contact with fire, nor light sunrise, nor decapitation death, ` 
nor recovery the drinking of medicine, nor evacuation the tak- ``- 
ing of a purgative, and so on for all the empirical connexions 
existing in medicine, astronomy, the sciences and the crafts. 
For the connexions in these things is based on a prior power 
of God to create them in a successive order, though not be- 
cause this connexion is necessary in itself and cannot be dis- 
joined—on the contrary, it is in God's power to create satiety 
without eating, and death without decapitation, and to let life 
persist notwithstanding the decapitation, and so on with re- 
spect to all connexions. The philosophers, however, deny this 
possibility and claim that that is impossible. To investigate all 
these innumerable connexions would take too long, and so we 
Shall choose one single example, namely the burning of cotton 
through contact with fire; for we regard it as possible that the 
contact might occur without the burning taking place, and also 
that the cotton might be changed into ashes without any con- 
tact with fire, although the philosophers deny this possibility. 
The discussion of this matter has three points. 

The first is that our opponent claims that the agent of the 
burning is the fire exclusively; this is a natural, not a voluntary 
agent, and cannot abstain from what is in its nature when it is 
brought into contact with a receptive substratum. This we deny, 
saying: The agent of the burning is God, through His creating 
the black in the cotton and the disconnexion of its parts, and 
it is God who made the cotton burn and made it ashes either 
through the intermediation of angels or without intermedia- 
tion. For fire is a dead body which has no action, and what is 
the proof that it is the agent? Indeed, the philosophers have 
no other proof than the observation of the occurrence of the 
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burning, when there is contact with fire, but observation proves 
only a simultaneity, not a causation, and, in reality, there is 
no other cause but God. For there is unanimity of opinion 
about the fact that the union of the spirit with the perceptive 
and moving faculties in the sperm of animals does not origi- 
nate in the natures contained in warmth, cold, moistness, and 
dryness, and that the father is neither the agent of the embryo 
through introducing the sperm into the uterus, nor the agent 
of its life, its sight and hearing, and all its other faculties. 
And although it is well known that the same faculties exist in 
the father, still nobody thinks that these faculties exist through 
him; no, their existence is produced by the First either directly 
or through the intermediation of the angels who are in charge 
of these events. Of this fact the philosophers who believe in 
a creator are quite convinced, but it is precisely with them 
that we are in dispute. ... 

And for what other reason do our opponents believe that 
in the principles of existence there are causes and influences 
from which the events which coincide with them proceed, than 
that they are constant, do not disappear, and are not moving 
bodies which vanish from sight? For if they disappeared or 
vanished we should observe the disjunction and understand 
then that behind our perceptions there exists a cause. And out 
of this there is no issue, according to the very conclusions of 
the philosophers themselves. 

The true philosophers were therefore unanimously of the 
opinion that these accidents and events which occur when there 
is a contact of bodies, or in general a change in their positions, 
proceed from the bestower of forms who is an angel or a 
plurality of angels, so that they even said that the impression 
of the visible forms on the eye occurs through the bestower of 
forms, and that the rising of the sun, the soundness of the 
pupil, and the existence of the visible object are only the 
preparations and dispositions which enable the substratum to 
receive the forms; and this theory they applied to all events. 
And this refutes the claim of those who profess that fire is the 
agent of burning, bread the agent of satiety, medicine the agent 
of health, and so on. 

I say: 

To deny the existence of efficient causes which are observed 
in sensible things is sophistry, and he who defends this doctrine 
either denies with his tongue what is present in his mind or is 
carried away by a sophistical doubt which occurs to him con- 
cerning this question. For he who denies this can no longer 
acknowledge that every act must have an agent. The question 
whether these causes by themselves are sufficient to perform 
the acts which proceed from them, or need an external cause 


320 SCIENCE AND CIVILIZATION IN ISLAM 


for the perfection of their act, whether separate or not, is not 
self-evident and requires much investigation and research. 

And if the theologians had doubts about the efficient causes 
which are perceived to cause each other, because there are 
also effects whose cause is not perceived, this is illogical. Those 
things whose causes are not perceived are still unknown and 
must be investigated, precisely because their causes are not 
perceived; and also since everything whose causes are not per- 
ceived is still unknown by nature and must be investigated, it 
follows necessarily that what is not unknown has causes which 
are perceived. The man who reasons like the theologians 
does not distinguish between what is self-evident and what 
is unknown, and everything Ghazzali says in this passage is 
sophistical. 

And further, what do the theologians say about the essen- 
tial causes, the understanding of which alone can make a thing 
understood? For it is self-evident that things have essences 
and attributes which determine the special functions of each 
thing and through which the essences and names of things are 
differentiated. If a thing had not its specific nature, it would 
not have a special name or definition, and all things would be 
one—-indeed, not even one; for it might be asked whether this 
one has one special act or one special passivity or not, and if 
it had a special act, then there would indeed exist special acts 
proceeding from special natures, but if it had no single act, 
then the one would not be one. But if the nature of oneness is 
denied the nature of being is denied, and the consequence of 
the denial of being is nothingness. 

Further, are the acts which proceed from all things abso- 
lutely necessary for those in whose nature it lies to perform 
them, or are they only performed in most cases or in half the 
cases? This is a question which must be investigated, since one 
single action-and-passivity between two existent things occurs 
only through one relation out of an infinite number, and it 
happens often that one relation hinders another. Therefore, it 
is not absolutely certain that fire acts when it is brought near 
a sensitive body, for surely it is not improbable that there 
should be something which stands in such a relation to the 
sensitive thing as to hinder the action of the fire, as is asserted 
of talc and other things. But one need not therefore deny fire 
its burning power so long as fire keeps its name and defini- 
tion.... 

Now intelligence is nothing but the perception of things 
with their causes, and in this it distinguishes itself from all the 
other faculties of apprehension, and he who denies causes 
must deny the intellect. Logic implies the existence of causes 
and effects, and knowledge of these effects can only be ren- 
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dered perfect through knowledge of their causes. Denial of 
cause implies the denial of knowledge, and denial of knowl- 
edge implies that nothing in this world can really be known, 
and that what is supposed to be known is nothing but opinion, 
that neither proof nor definition exist, and that the essential 
attributes which compose definitions are void. The man who 
denies the necessity of any item of knowledge must admit that 
even this, his own affirmation, is not necessary knowledge.* 


C. Al-Tust 


While al-Ghazzali's attacks against the philosophers are 
well known, those of Fakhr al-Din al-Ràzi, the influential 
theologian who followed him nearly a century later, have 
not yet been universally recognized. Yet al-Razi’s criticism 
was to have a more enduring effect, from a technical philo- 
sophical point of view, than that of his predecessor. Although 
he was one of the most learned men of his day, and wrote 
what is generally considered to be the most complete com- 
mentary upon the Quran, as well as treatises on various 
mathematical and natural sciences, he set out to destroy the 
philosophical influence of the Peripatetics by writing a criti- 
cism of Avicenna's philosophical masterpiece, The Book of 
Directives and Remarks. In making his critical attacks, he 
took the meaning of nearly every sentence into consideration, 
and thereby left his mark upon all subsequent studies of 
this work, which has been studied and taught to the present 
day in the Islamic world. 

It was Nasir al-Din al-Tüsi, whom we have already had 
Occasion to mention as one of the leading Muslim mathe- 
maticians and astronomers, who took up the challenge of 
al-Ghazzali, and especially of al-Ràzi, and sought to reestab- 


4 Averroes, Taháfut al-tahafut (The Incoherence of the Incoherence), 
translated by S. Van den Bergh (E. J. W. Gibb Memorial Series, New 
Series 19. London: Luzac and Co., 1954), I, pp. 316-319. 
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lish the school of Avicenna, which these men had combated 
so assiduously. It was this reply of al-Tüsi, more than The 
Incoherence of the Incoherence of Averroes, that exerted a 
lasting influence in the Islamic world, particularly its Eastern 
half, so that al-Tüsi is remembered in the East today more 
for his philosophical writings than for the mathematical ones, 
which have made his name famous in the Occident. 

Nasir al-Din al-Tüsi is one of the most eminent examples 
of the hakim, to whom we alluded in the introduction. He 
could place himself in the perspective of each school, and 
defend it from its own point of view; and even compose a 
work in that field, which later became accepted as a standard 
authority. He had realized fully the inner harmony of the 
various perspectives cultivated in Islam. He in fact displays 
in his writings this harmony, the result of the position that 
has-been accorded to each science according to a hierarchical 
order, thus preserving the harmony of the whole and pre- 
venting the disciplines from becoming contending enemies 
upon an intellectual battleground. As compared with Avi- 
cenna—the sole figure with whom one could compare him— 
Nasir al-Din al-Tüsi must be regarded as a lesser philosopher 
and physician, but a greater mathematician and theologian. 
His writings in Persian are more important than those of 
Avicenna. In any case, he stands second only to Avicenna, 
the master of all Muslim philosopher-scientists, in his influ- 
ence and significance for the Islamic arts and sciences and 
philosophy. : 

The universality of Nasir al-Dīn’s genius, which some have 
quite erroneously taken for lack of principles, is shown by 
the fact that, while in the service of the Ismailis, he was able 
to master their doctrines and even wrote several works which 
contain some of the clearest expositions of Ismailism. Among 
these, the Tasawwurat (Notions) is particularly notable, as a 
simple exposition of the basic doctrines of this important 
branch of Islam. The second chapter concerning "the descent 
of the things of the world from the First Cause" bears wit- 
ness to this. 


TASAWWUR THE SECOND 


On the descent of things of the world from the First Cause. 
(In [8] questions and answers.) 
QUESTION:—Some people maintain that the source of existence 
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is one, some say that it is two, others three, and others again— 
four. What is thy idea on the matter? 

ANSWER:—My idea is that the source of existence is one, 
namely the volition of God the All-High, which is called “the 
Word." The first creation, which came into existence directly 
by the creative volition, without. any intermediary, was the 
First [Intellect]. (All) other creations came into existence from 
the Divine volition through different intermediaries. Thus the 
[Soul] through the [Intellect] and the (Hyle], nature and matter 
came through the [Soul]. 

QUESTION:—Some say that the creative act which emanates 
from the volition of the Creator the All-High—without any 
intermediary and not in time— must be imagined as the light 
spreading from the lamp. But some say that light spreads from 
the lamp automatically, i.e. without volition. And if this detail 
is also accepted along with this simile, it would neither prove 
the existence of the Creator, nor of the creative act. What wilt 
thou say about this? 

ANSWER:—What is said about the creative act from the voli- 
tion of the Creator in the simile of the light of lamp is nothing 
but a metaphor, one of those figurative expressions which are 
applied either to human beings, or to God, for the purpose 
that the people may at once comprehend and realize from the 
simile the works of the Divine Volition, not in order that, in 
this case, they would accept this simile as exactly in reality 
coinciding with that to which it refers. The attributes which 
the people give to Him the All-High, such as absolute existence, 
oneness, simplicity of substance, spontaneity, knowledge, might, 
etc., in the same strain, are like saying that God is a Pure 
Light or an Absolute Bounty or generosity, liberality, a gift, 
a benefaction, which in the broad sense are the cause of the 
existence of 18,000 worlds, and in the narrow sense the cause 
of the perfection of their own nature. That plurality, duality 
or multiplicity, and the fact that all such properties as absolute 
existence, oneness, being, simplicity of substance, spontaneity, 
volition, wisdom, power, etc., are given to Him separately; this 
does not imply that they are not all one with Him. It follows 
that created (properties) refer (only) to creations, not to God. 
Therefore, that spontaneity or automatism which thou hast 
mentioned cannot be applied to the world of reality, —how 
then can it be binding? 

QUESTION:— We want an explanation of the coming into being 
Of the first creation from the Divine volition. 

ANSWER:—Jts explanation is this. Since God became conscious 
of himself as a Creator, this fact necessitated the existence of 
the creation. That creation was the First [intellect], and as the 
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First [Intellect] was absolute oneness, one in every respect, 
there arose the problem of the principle according to which 
“from one only one can come out” (i.e. a simple cause can 
produce only one effect). 

IUESTION:— Thou hast explained the origin of the First [In- 

tellect] from the First Cause. What dost thou say of the other 
creations? 
ANSWER:—This question may be answered in two ways, either 
as a whole or in part. The full answer is that the First [Intel- 
lect] by the power of Divine assistance of the Highest Word 
[i.e. Divine volition], conceived the idea of all things, both 
spiritual and material, to the utmost limits. Thus, all that at 
this moment forms the world, from the outer sphere to the core 
of the earth, must have this particular form and appearance, 
constituting an organism which has to possess a soul which 
would keep it, regulate and control it. Such an idea of the 
[Intellect] became the cause of the coming into existence of the 
origin of all things with all that every creation required. Thus 
the [Intellects] with their participation in the running of the 
world, the [Souls] activities, the spheres and their regulation, 
the elements with their influences, the kingdoms of nature 
with their inter-relations, with all on what depends their well- 
being and all that it continuously requires, all this was in the 
idea conceived by the [Intellect]. It was just as a suspicion 
arises at the first glance: no sooner had the [Intellect] conceived 
that idea than all instantly came into existence by the way of 
creation and initiation. Both these latter were one: the crea- 
tion—which refers to the reason—came into being from the 
Divine volition without any intermediary, and the initiation 
refers to the spiritual and material substances which came 
into being through the [Intellect] and [Soul]. 

The explanation of details is this:—W hen the First [Intellect] 
thought of its own cause, which had a higher affinity, its thought 
became the cause of the coming into existence of the second 
[Intellect], i.e. the [Intellect] of the outer sphere, which is also 
called the sphere of Atlas, or the Throne. When it [the First 
Intellect] reflected on its own substance—which possessed 
intermediary affinities, ie. understood that it is due to some- 
thing else—that thought became the cause of the coming into 
existence of the [Universal soul], i.e. the [Soul] of the outer 
sphere. And when it, the First [Intellect], reflected on its own 
existence by possibility—which had inferior affinities, i.e. 
realized that it itself was merely a possibility—that thought 
became the cause of the existence of the outer sphere, itself. 
QUESTION:—No material body can come into existence without 
(the participation of) the [Hylé] and form which have prece- 
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dence before it. Why, therefore, hast thou mentioned the com- 
ing into existence of the sphere without any reference to the 
[Hylé] and [Form]? 

ANSWER:—The [Hylé] and [Form] came into existence when 
the [Universal Soul] reflected on the substance of the First 
[Intellect] and realized the fact it was perfect. From this re- 
flection appeared the form which comes from the field of 
perfection. And when the [Universal Soul] thought of its own 
substance, and realized its own being imperfect, from this 
realization the [Hylé], which comes from the field of defect, 
came into existence. These two regards became necessary to 
the [Soul], because it has a double face: one side is turned 
towards oneness, and the other towards plurality. 
QUESTION:—As oneness is a characteristic of the [Intellect], 
and plurality of the [Soul], how is it that thou hast attributed 
to the [Intellect] three thoughts, while to the [Soul] only two? 
ANSWER:—Because in the position of the [intellect] all is 
Perfection, and for it all the relative aspects are one, and that 
one is in the fact that it is turned towards Him, the All-High. 
Therefore, one idea in it means all ideas and all its ideas means 
one. But for the [Soul], which occupies an inferior position, 
and houses an imperfection in its substance, matters are 
different. The rest that have been mentioned, namely [souls], 
[intellects], spheres, elements, kingdoms of nature, and the 
Intellect of the outer sphere, falakwl-aflák, all also must have, 
just as in the case of the First [Intellect], three tasawwurs 
(moments of cognition). One is needed for the bringing into 
being of the Second [Intellect], i.e. the [Intellect] of the sphere 
of fixed stars or, . . . the Throne of God. One is needed for 
the production of all between the [sphere of fixed stars] to the 
Untellect] of the sphere Zuhal of (Saturn). Thence to the [Intel- 
lect] of the sphere of Mushtari (Jupiter). Thence to the 
[Intellect] of the sphere of Murikh (Mars), thence to the 
Untellect] of the sphere of the Sun, thence to the [Intellect] of 
the sphere of Zuhra (Venus), thence to the [Intellect] of the 
Sphere of ‘Atarid (Mercury), thence to the [intellect] of the 
Sphere of the Moon. Every one of these Untellects] needs three 
[ideas], which are required for bringing into being the [Intellect], 
[Soul] and the sphere which is the next in order. The [Hyle] 
and the form of each sphere of necessity come from those two 
realizations which were made by the corresponding [Soul] 
namely the realization of the perfection of the [Intellect] and 
its own imperfection. Such is the order decreed by the Great 
and Wise One. The creation of the world of the celestial 
Spheres was decreed to consist of those nine rotating spheres. 
Each sphere was provided with a [Soul] and an [Intellect] as 
the controller of the latter. This was done in order that each 
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sphere would possess an independent and direct moving agent. 
Such separate mover was the [Intellect] and the direct moving 
force was the [Soul]. This may be compared, e.g., with a magnet, 
which by itself does not move but brings into motion iron, 
attracting it to itself. And “the direct mover”, is like, for 
example, the wind which whirls round the tree, shaking it. The 
last of the [Intellects] associated with the spheres, namely that 
of the sphere of the Moon, is called [Active Intellect], i.e. 
"effective," "maker," because it is this [Intellect] which brings 
the things of this world from the state of potentiality into the 
state of actuality. For the same reason it is also called 
*the giver of forms" because it grants them to the things of this 
world. 

QUESTION:—What dost thou say: was the number of the 
spheres such as it was, not bigger and not smaller, by the 
reason of nine being the ultimate number of bodies? Or 
because the [Hyle] was exhausted, or for what other reason? 
ANSWER:—This world is of the kind of which it is said in the 
Coran (ii, 256): "They comprehend not aught of His knowledge 
but of what He pleases.” It was so destined by the command 
and wisdom of God the All-High that there should be nine 
spheres, twelve constellations of the Zodiac, seven “fathers”, 
Le. planets, four "mothers", i.e. elements, and three kingdoms 
of nature. Only the Lords of the Truth, (i.e. Imams)—]prostra- 
tion be due to their mention!—know as to how and why this 
was done, because (only) they comprehend the creation as a 
whole, and are informed (about its details). The ordinary slaves 
of God can only discuss as much as they have learned from 
their dais [Ismaili missionaries]. . . . From God comes 
guidance, and in Him is help. With regard to the elements and 
kingdoms of nature the [Universal Soul], in the longing which 
it experiences for the perfection of the position of the First 
[intellect] and imitating the latter, which it usually does, keeps 
the spheres continually moving. But as, with regard to per- 
fection, the rotation of the spheres was destined to become the 
living force, and could only be (manifested in) individual 
organisms, composed of matter and its forms, who required 
suitable and co-related causes (for their existence). With that 
rotation which (every) celestial circumference was making 
around its centre according to its autonomous laws, the ele- 
ments, i.e. fire, air, water and earth—which are the ingredients 
of the nature in the cavity of the sphere of the Moon—became 
organised into the order and system of being. Every one of 
these fourfold basic elements, which happened to be nearer 
to the sky, proved to be able to possess a substance lighter 
and finer (than the others), as, e.g., fire, which is above the 
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air, is of a finer substance as compared with the latter, although 
more solid as compared with the substance of the sphere. Air, 
which stays above water, is finer as compared with the latter, 
while it is more solid than fire. Water, which remains above 
earth, is finer as compared with the latter, but more solid if 
compared with earth.:The latter, standing the furthest from the 
skies, has solidity as its characteristics. 

The force of the creative act which, by the way of the 
creation, reached the Throne of God, through the latter reached 
the Kursi, and, through the latter again, descended to the 
sphere of Saturn, to which it became attached. Similarly, it 
descended further, from one sphere to the other, until it 
reached the sphere of the Moon. Then the emanations and 
rays of the stars, by the force of that energy and through the 
intermediary of the sphere of the Moon, fell upon the elements, 
and that was certainly the cause which stimulated (the activity 
0f) the elements. It is from this that the passive motion, which 
caused the association and disassociation of the elements, 
became necessary. The form of each of these varieties of 
matter was split by others, and all four, from the tendency of 
stressing their contrasting qualities to the extreme, turned 
towards the middle course, which was the balance of the 
mixture. Thus came into existence the product which has the 
ability of accepting form. And the “Giver of forms’ gave 
the kingdoms of the nature in this world, namely minerals, 
plants, animals and man, each kind of them, a form which 
befitted them, together with their necessary special qualities, 
refinement of appearance, astonishing constitution and wonder- 
ful properties. All these, in proportion to their merits, received 
a share of the force from the energy of the [Universal Soul] 
and a light from the lights of the First [Intellect], e.g. com- 
pactness in minerals, growth in plants, sensibility and free 
movement in animals, reason and intellect in man. The cate- 
gories of these kingdoms of nature consisted of individual 
organisms, which themselves were subdivided into different 
species, each differing from the others by a certain innate 
merit. These kingdoms of nature started with minerals, then 
followed plants, later animals, and then man, so that the last 
(i.e. highest) degree of the mineral merges in the first (i.e. 
lowest) degree of the plants, and so forth, while the last 
(highest) degree of man touches the first (lowest) degree of the 
angels. Such an hierarchy of creations in the periodicity of 
things has by the will of God the All-High reached its top 
and perfection in the degree of man and his ability to receive 
that perfection which consists of the possession of those 
mental means and physical possibilities which are characteristic 
of him. From this it is obvious that although minerals, plants 
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and speechless animals preceded him in the order of creation, 
the ultimate purpose of all these (being brought into existence) 
was he, man, in accordance with the:saying: first comes the 
thought, then the action. 

With regard to the differences in form of the various cate- 
gories of creations, it may be explained as due to the fact that 
the will of God the All-High was such as to make all that was 
potential in individual souls come into a state of actuality by 
the influence of the spheres and stars. But the spheres always 
rotate, in a fast movement. Therefore, the difference in the 
conflicting action of stars could have produced different forms 
in the basic categories of beings.» 


D. Suhrawardi and Mulla Sadra 


Although he lived nearly a century before Nasir al-Din, 
Shihab al-Din al-Suhrawardi—as far as the influence of the 
school founded by him is concerned—belongs to the centuries 
that followed the philosopher-mathematician, upon whom he 
even exercised some influence. Suhrawardi lived but a few 
years, having been born in 548/1153, and died in 587/1191. 
But these thirty-eight years were enough for him to found the . 
second major philosophical perspective in Islam, the school of 
Illuminationism, which became a rival of the earlier Peripatetic 
school, and soon even overshadowed it. Suhrawardi studied in 
Maragha, the future site of al-Tüsi's astronomical activities, 
and also in Isfahan, where he was a classmate of Fakhr 
al-Din al-Razi. He traveled extensively throughout Persia, - 
Anatolia and Syria, finally settling in Aleppo. Here his frank 
exposition of esoteric doctrines, and especially his reliance 
upon symbolism drawn from Zoroastrian sources, as well as 
‘his harsh and outspoken criticism of the jurists, brought about 


5 Nasir al-Din al-Tisi, Tasawwurdt, translated by W. Ivanov (The Ismaili 
Society Series A, No. 4. Bombay, 1950), pp. 6-15. 
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a severe reaction, which resulted in his imprisonment and 
finally his death. 

Suhrawardi, known to his compatriots as Shaikh al-ishrüq 
or “master of illuminationism,” was the author of a series of 
philosophical and gnostic works in Arabic and Persian, of 
which the most important is the Hikmat al-ishrag (Theosophy 
of the Orient of Light), the basic testament of that school, 
which has dominated the intellectual scene in Persia ever 
since it was written. In this magisterial work, Suhrawardi 
begins with a severe criticism of Peripatetic philosophy, not 
only in logic (in which he cuts the ten Aristotelian cate- 
gories to four), but also in natural philosophy, psychology 
and metaphysics. He insists upon the archetypal world, which 
Aristotle had laid aside in favor of the immanent form, and 
regards the study of Nature as the hermeneutic interpretation 
and penetration of cosmological symbols. Moreover, he re- 
moves the Aristotelian distinction between the sublunary and 
celestial regions, and places the boundary between the world 
of pure light or Orient, and the world in which matter or 
darkness is mixed with light—that is, the Occident—at the 
sphere of the fixed stars. The real heaven thus begins at the 
boundary of the visible universe, and what the Aristotelians 
as well as the Ptolemaic astronomers had called the heavens 
belongs more or less to the same domain as the world of 
generation and corruption. 

Suhrawardi also discussed at length the question of knowl- 
edge, ultimately basing it on illumination, and proposing a 
theory of vision that is in a certain sense similar to that of 
Gestalt psychology. He combines the way of reason with 
that of intuition, regarding the two as necessary complements 
of each other. Reason, without intuition and illumination is, 
according to Suhrawardi, puerile and half-blind and can never 
reach the transcendent source of all truth and intellection; 
whereas intuition, without a preparation in logic and the 
training and development of the rational faculty, can be led 
astray, and furthermore cannot express itself succinctly and 
methodically. That is why the Theosophy of the Orient of Light 
begins with logic and terminates with a chapter on ecstasy and 
the contemplation of the celestial essences. 

Suhrawardi also wrote a number of short symbolic narra- 
tives, mainly in Persian, which are masterpieces of Persian 
Prose, and also depict in a highly artistic manner the universe 
of symbols through which the adept must journey to reach 
the truth, a universe reminiscent of the Avicennian cosmos, to 
which we have already alluded. In these treatises, many as- 
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pects of natural philosophy are discussed, especially light and 
light phenomena. But the aim is to pave a path through the 
cosmos, in order to guide the seeker of truth, and thus to free 
him from all entanglements and determinations connected 
with the natural domain. The ultimate goal of all forms of 
knowledge is illumination and gnosis, which Suhrawardi in 
unmistakable terms places at the summit of the hierachy of 
knowledge, thereby affirming the essential nature of the Is- 
lamic Revelation. The following passages from his Song of 
the Griffin bear testimony to this point: 


Part ONE 
ABOUT THE BEGINNINGS 


CHAPTER ONE: On the Excellence of this Science Over all Other 
Sciences. Be it not unknown to the light-hearted that the prefer- 
ence of a science to others is due to several reasons. Firstly, the 
“known” should be nobler, e.g. goldsmithship is preferable to 
pack-saddle-craft; because that deals with gold and this other 
with wood and wool. 

Secondly, because the arguments of this science are stronger 
than those of any other science. 

Thirdly, because occupation therein should be more mo- 
mentous and its advantage greater.  . 

And in comparison to other sciences all the signs of prefer- 
ence are found in this science. 

With regard to the "object" and the “known.”—It is 
apparent that the object and the aim of this science is Truth. 
And it is impossible to compare other existant things with 
His grandeur. 

With regard to ascertainment of argument and corroboration 
of proof.—It is established that observation is stronger than 
argumentation. The Masters of the art of Kalam consider it 
lawful that God the Almighty should give man the necessary 
knowledge about His existence, qualities and so on. Since it is 
lawful, the acquisition of some knowledge of this sort is 
undoubtedly superior to that which necessitates bearing the 
troubles of observation, labours of reasoning, and falling into 
the places of doubts and abodes of suspicion. One of the 
Süfis was asked, "What is the proof of the existence of the 
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Creator?" He replied: “For me it is the morning instead of the 
lamp." Also another one of them says: "The semblance of 
one who seeks after the Truth through arguments is like one 
searching after the sun with a lamp." 

Since the masters of the principles have accepted and agreed 
that in the next world God the Almighty will create in men a 
perception in the sense of vision, to see God without mediation; 
argument, proof, and admonition are no considerations with 
the People of Truth. So according to these principles it befits 
[Him] to create in his [man's] heart perceptions of this kind 
in order to see Him in this world without any mediation and 
proof. And it is therefore that -Omar—may God be pleased 
with him—said, “My heart has seen my Lord" and -Ali—may 
God beautify his face— says, “If the veil is removed, my belief 
is not increased." And here secrets are concealed which are 
not proper [to be dealt with] in this place. 

With regard to importance.—-There is no doubt that for men 
there is nothing more important than the greatest felicity. 
Rather, all questions cannot be treated in this brief treatise. 
And the greatest of means of access is ma‘rifa [gnosis]. 

So from all aspects it is proved that ma'rifa is nobler than 
all sciences. And Junayd—peace be upon him—said, "If I 
knew that under the sky there is a science in this world nobler 
than that in which the seekers of ma‘rifa contemplate, I would 
have engaged myself to buy it and would have toiled in the 
best way to acquire it until I had got it." 


CHAPTER Two: On what appears to the Ahli-Badayad [Begin- 
ners]. The first lightning that comes to the souls of the Seekers 
from the presence of Divinity is accidents and flashes; and 
those lights dawn upon the soul of the [mystic] traveller from 
the world of Divinity; and it is delightful. 

Its onrush is like this: that a dazzling light suddenly comes, 
and soon disappears; and “He it is Who shows you the light- 
ning." 

From the second point of view it refers to the "times" of 
the Companions of Seclusion. The Süfis call these accidents 
*time" and it is therefore that one says, "Time is sharper than 
the sword" and they have said, "Time is a cutting sword." In 
the Book of God there are many references to that, as it is 
said: "The splendour of His lightning almost takes away 
the eye-sight.” Wàsiti [a fourth/tenth century Süfi] was asked, 
“Wherefrom is the restlessness of some people in the state of 
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hearing music?" He answered, "There is a light which appears 
and is then extinguished"; and quoted this verse: 

“ From them a flash came to the heart. 

The flash of the lightning appeared and dwindled away. 

And therein they have food for the morning and the night." " 

These flashes do not come at all times. At times they are 
intercepted. And when ascetic exercise increases, lightnings 
come more often, until that limit is reached that whatever 
man looks into, he sees some of the states of the next world. 
Suddenly these dazzling lights become successive: and may 
be after this the limbs are shaken. As is well-known, the 
Prophet—peace be upon him—says in expectation of this state, 
“Verily, for your Lord there are blasts of His mercy in the days 
of your time, provided you expose yourselves thereunto." 

At the time of break, the devotee seeks the help of gentle 
thought and pure commemoration, against the impurities of 
carnal desires, in order to regain this state. And it is possible 
that sometimes this state does come to one who is without 
ascetic discipline, but he remains unaware. 

If one waits for it in the days of *Id-festivities when men 
go to places of worship, and when raised voices and loud 
glorifications and harsh clamours take place and sounds of 
cymbals and trumpets prevail—if he is a man of intelligence 
having a sound nature and rememorizes the divine states, he 
will at once find this effect which is very pleasant. 

And likewise it is in battles when men come face to face 
and the clamour of the warriors rises and there is neighing of 
the horses and the sounds of the drum and the military band 
become louder, and men engage in fight and unsheath swords: 
If some one has a little purity of heart, even if he is not a man 
of [ascetic] discipline, he will come to know of this state 
provided that at that time he rememorizes the divine states 
and brings to mind the souls of the departed and the observation 
of [Divine] Majesty and the rows of the high assembly. 

Similarly, if somebody sits on a galloping horse and makes 
it run very hard and thinks that he is leaving the body aside 
and becoming extremely reverent and going to the presence of 
[Divine] Existence in the state of the soul exclusively and to 
be included in the rows of the saints—an effect like this state 
will also appear to him, although he is not a devotee of disci- 
pline. And here there are secrets which only a few men 
understand in these days. 

When these lightnings come to man they affect the brain 
to some extent, and it may also appear in the brain and 
shoulder and back, etc.; so that the vein begins to pulsate and 
it is very pleasant, and he also tries to complete sama< 
[spiritual concert]. So far this is the first stage. 
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CHAPTER THREE: On Tranquillity. At length when the lights of the 
Secret reach the utmost extremity and do not pass away quickly 
and remain for a long time, that is called “Tranquillity” and its 
delight is more perfect than the delights of other flashes. When 
a man returns from Tranquillity, and comes back to [the ordi- 
nary state of] humanity, he is highly regretful at its separation; 
and regarding this one of the saints has said: 

“O breath of the soul, how good are you, 

One who is emerged in you has tasted the food of intimacy." 

In the Holy Quran Tranquillity is mentioned many times, 
as it is said: "And God sent down His tranquillity" and in 
another place He says, *He it is Who sent down Tranquillity 
into the hearts of the faithful that they might add belief unto 
their belief." He who attains Tranquillity knows about the 
minds of men, and, acquires knowledge of unknown things, 
and his penetration of mind becomes perfect. The Chosen— 
God bless and keep him and his family—informed about it, 
saying, "Fear a believer's penetration of mind, for he perceives 
with the light of God.” And the Prophet— peace be upon him— 
says about *Omar—be God pleased with him—“Verily, Tran- 
quillity speaks through the tongue of <Omar”; and he also 
said, "Verily, in my community there are mutakallimün [theo- 
logians] and mubaddithün [scholars of traditions] and ‘Omar 
is one of them." 

One who possesses Tranquillity hears very pleasant sounds 
from the high Paradise, and spiritual discourses reach him; 
and he becomes comfortable; as is mentioned in the Divine 
Revelation: *Verily, in the remembrance of God do hearts 
find rest!" And he witnesses very fresh and pleasant forms 
through the compact of his contiguity with the spiritual 
world. 

Of the stages of the People of Loye this is the intermediate 
one. 

In the state between awakening and sleep he hears terrible 
voices and strange noises at the time of the slumber of Tran- 
quillity and sees huge lights and he may become helpless 
through superabundance of delight. 

These accidents are according to the Seekers [of Truth] 
and not in the manner of a group who close their eyes in 
their privacy and cherish phantasies. Had they sensed the 
lights of the truthful, many would have been the sorrows en- 
countering them; "And there those who deemed it vain will 
lose." 
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Part Two 
ABOUT THE ENDS 


CHAPTER ONE: On Annihilation. “And this Tranquility becomes 
such that if man desires to keep it off from himself he cannot 
do so. Then man reaches such a stage that whenever he likes, 
he gives up the body and goes to the world of [Divine] Majesty; 
and his ascents reach the high spheres. And whenever he likes 
or desires he can do so. So whenever he looks at himself he 
becomes happy, because he discerns the radiance of God's light 
[falling] on him. Hitherto it is a defect. 

“If he exerts further, he also passes this stage. He becomes 
such that he does not look on himself and his knowledge of 
his existence is lost; this is called ‘fand-i-akbar.’ When one 
fargets himself and also forgets the forgetfulness it is called 
‘fand dar fanā’ 

“And as long as they delight in macrifa they are at a loss. 
This is reckoned amongst latent polytheism. On the other hand, 
he reaches perfection when he loses knowledge in the ‘known,’ 
because, whoever delights in ‘knowledge’ likewise as in the 
‘known’ has made that his object. He is ‘alone’ when in the 
‘known’ he gives up the thought of ‘knowledge.’ When the 
knowledge of humanity also disappears it is the state of 
Obliteration, and is the stage of ‘Everyone that is in it, will 
pass away and there remaineth but the face of Thy Lord, the 
Glorious and Beneficent.’ 

“One of the Seekers says that ‘There is no God but God’ is 
the unification of the common-folk, and ‘There is no He but 
Him’ is the unification of the higher class: He has erred in the 
classification. 

“There are five grades of Tauhid. One is ‘There is no God 
but God’ and this is the unification of the common-folk who 
negative Deity from what is not God. These people are the 
commonest of the common. 

“Beyond this sect there is another group, nobler in com- 
parison to these and commoner in comparison to another sect. 
Their unification is ‘There is no He but Him.’ This [group] 
is higher than the first one. And their place is higher, because 
the first group only negative divinity from what is not God. 
This other group did not restrict themselves to negating Truth 
from what is not Truth. On the other hand, in face of the 
existence of God, the Almighty, they have negated all other 
existences. They have said: ‘Heship’ is for Him, none else can 
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be called ‘He’ because all ‘Heships’ emanate from Him. So 
'Heship' is exclusively meant for Him. 

“Beyond these there is another group whose unification is 
"There is no Thou but Thou.' This group is higher than that 
which addressed God as ‘Him.’ ‘Him’ is used for the absent. 
These negate all "Thouships' which in occasioning ‘Thouship’ 
asserts the existence of oneself; and they refer to the presence 
[of God]. 

"There is a group above these and these are higher still. 
They say: When someone addresses another as 'thou' he 
separates him from himself, and he asserts duality; and duality 
is far removed from the world of unity. They lost and consid- 
ered themselves lost in the appearance of God, and said: 
"There is no I but Me." They spoke truer than all these. I-ship, 
Thou-ship, and He-ship are all superfluous reflections about 
the essence of the unity of the Self-existant. They submerged 
all the three words in the sea of Obliteration and destroyed 
expressions and annihilated references: “And everything will 
perish save His face." And their place is more elevated. As 
long as a man has human attachments with this world he will 
not reach the world of Divinity above which there is no other 
stage since it has no end. A pious man was asked: ‘What is 
tasawwuf?' He answered: “Its beginning is God and as regards 
the end it has no end."e 


Suhrawardi's doctrines found their congenial home in Per- 
sia, especially in the Shiite milieu, in which Islamic philosophy 
and theosophy developed during the latter phase of Islamic 
history. Suhrawardi's school approached that of the Peri- 
patetics, especially as interpreted by Avicenna, and also 
the gnostic doctrines of the school of Ibn «Arabi. In the 
bosom of Shiism, these diverse perspectives finally became 
unified in the eleventh/seventeenth century in the synthesis 
brought about by Mullà Sadrà. This Persian sage, who was 
both philosopher and gnostic and one of the greatest exposi- 
tors of metaphysical doctrines in Islam, has been compared 
by Henry Corbin, the only Western scholar who has made 
a serious study of the doctrines of Suhrawardi and Mulla 
Sadrá, to a combination of St. Thomas Aquinas and Jakob 
Boehme, in the context of Islam. Mulla Sadra’s Spiritual Jour- 
neys is the most monumental work of Islamic philosophy, in 
which rational arguments, illuminations received from spiri- 
tual realization and the tenets of revelation are harmonized 


$ Shihabuddin Suhrawardi Maqtül, Three Treatises on Mysticism, edited 
and translated by O. H. Spies and S. K. Khatak (Stuttgart: W. Kohlham- 
mer, 1935), pp. 30-38. 
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in a whole which marks in a sense the summit of a thousand 
years of intellectual activity in the Islamic world. 

Basing his doctrine upon the unity of Being, and the con- 
stant "transsubstantial" change and becoming of this imper- 
fect world of generation and corruption—without, however, 
in any way implying that "evolution" à la Teilhard de 
Chardin which has become popular today—Mulla Sadrà cre- 
ated a vast synthesis, which has dominated the intellectual 
life of Persia and much of Muslim India during the past few 
centuries. He, along with Suhrawardi, provided a vision of the 
universe which contains elements of the sciences of Nature 
developed earlier, and which has been the matrix of the intel- 
lectual and philosophical sciences, particularly in the Eastern 
lands of Islam. Therefore, his doctrines, like those of the 
master of Islamic gnosis, Ibn «Arabi, and his followers, have 
provided the vision of the cosmos for the many of those in 
the Islamic world who have trodden the path of spiritual 
realization, and thus have belonged to the tradition of Sufism. 


CHAPTER THIRTEEN 


1HE GNOSTIC TRADITION 


IN THE ISLAMIC WORLD, the highest form of knowledge has 
never been any single science, or scientia, which remains at 
the discursive level, but the “wisdom of the saints,” or sapi- 
entia, which ultimately means gnosis. Not only did the Mus- 
lim and in general medieval sages say, with Aristotle, that 
knowledge is dependent upon the mode of the knower, and 
therefore upon his state of being; they also asserted, con- 
versely, and from another point of view, that one’s being 
depends upon one’s knowledge. In gnosis, knowledge and 
being coincide; it is there that science and faith find their 
harmony. A knowledge which illuminates the whole being 
of the knower, it differs from philosophy as understood in its 
usually accepted meaning today which, being theoretical, is lim- 
ited to the mental plane. Philosophy had originally been that 
element of doctrine which, along with certain rites and the 
practice of spiritual virtuessmakes up the totality of gnosis; 
later, however, it became limited to purely theoretical knowl- 
edge, divorced from spiritual realization, and the arrival at by 
limiting the intellect to human reason alone. 

Gnosis, which has always been held to be the highest form 
of knowledge in Islam, as well as in other Oriental traditions, 
has definite conceptions of the universe, and in fact provides 
the only matrix within which the traditional cosmological 
sciences can be properly understood. It is the fountain of life 
from which they draw their sustenance. The gnostic sees all 
things as manifestations of the Supreme Divine Principle, 
which transcends all determinations—even Being, its first 
determination. All entities in manifestation, both visible and 
invisible, are connected with this Center by the degree to 
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which they reflect the Intellect and also by their existence. 
The "intelligence" of each being is the direct bond between 
it and the Universal Intellect—the Logos, or Word, "by 
which all things are made." The degree of being of each 
creature is a reflection of Pure Being at some level of cosmic 
existence; it is by virtue of this reflection that a being is 
something, and not nothing. If the Divine Principle may be 
symbolized by a point, then the relation of various beings 
to It, as Pure Being, is like that of various concentric circles 
drawn about a center, while their relation to the center as 
Intellect is like that of the various radii from the circles to 
the center. The cosmos, then, is like a cobweb: each part 
of it lies on a circle, which is a "reflection of the center," and 
which relates the existence of that part to Being; at the same 
time each part is connected directly to the center by a radius, 
whieh symbolizes the relation between the "intelligence" of 
that part and the Universal Intellect or Logos. 

The gnostic thus views the cosmos in its dual aspect of 
positive symbol and negative illusion. In so far as any mani- 
festation is real, it is a symbol of a higher order of reality; 
in so far as it is separated from, and other than the Principle, 
it is merely an illusion and non-being. In Islam, this doctrine 
is explained in two different ways, both of which ultimately 
arrive at the same meaning. The school of wahdat al-wujüd, 
or "unity of Being" founded by Muhyi al-Din ibn 
‘Arabi, regards creation as theophany (tajalli). The archetypes 
of all things, which are aspects of God's Names and Qualities 
(the axyan al-thabitah), exist in a latent state in the Divine 
Intellect. Then God gives them being, so that they become 
manifested; yet what is seen in the sensible world is only 
the shadow of the archetypes. The school of wahdat al- 
shuhüd, or “unity of witness" (or "vision"), established by 
*Alà» al-Daulah al-Simnàni, believes creation to be the re- 
flection of the archetypes in the cosmic domain seen ulti- 
mately by the One who alone is the real Knower. In both 
cases creation, or the universe, is regarded as having an 
unreal aspect, an element of nothingness or non-being, like 
that to which Plato's “world of shadows” alluded. It is sepa- 
rated from the Divine Principle at the same time that it is 
essentially united with It. 

. This gnostic view of the cosmos has its positive aspect in 
its vision’ of Nature as symbol, and in the consequent cul- 
tivation of the sciences which deal with natural phenomena, 
not as facts, but as symbols of higher degrees of Reality. 
In their symbolic aspects, alchemy and astrology may in fact 
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be regarded as cosmic supports for the gnostic's metaphysical 
contemplation. 

Since the universe is the "body" of the Logos, and since 
the Logos also manifests itself microcosmically in man, the 
gnostic gains greater intimacy with the universe the more 
he becomes integrated into the luminous source of his own 
being. In principle, the body of man as a microcosm contains 
in miniature the universe, viewed as the macrocosm. More- 
over, the Principle which lies at the center of man's being is 
that same Intellect *out of which all things are made." That 
is why the gnostics believe that the best way to know Nature 
in its essence, rather than in its details, is the purification 
of one's self until one's being becomes illuminated by the 
Intellect. Having thus reached the center, the gnostic has, in 
principle, the knowledge of all things. As Ibn «Arabi says in 
the Fusüs al-Hikàm (The Bezels of Wisdom): 


When God willed in respect of His Beautiful Names (At- 
tributes), which are beyond enumeration, that their essences—. 
or if you wish, you may say "His essence"—should be seen, 
he caused them to be seen in a microcosmic being which, inas- 
much as it is endowed with existence, contains the whole object 
of vision, and through which the inmost consciousness of God 
becomes manifested to Him. This He did, because the vision 
that consists in a thing's seeing itself by means of itself is not 
like its vision of itself in something else that serves as mirror 
for it: therefore God appears to Himself in a form given by 
the place in which He is seen (i.e., the mirror), and He would 
not appear thus (objectively) without the existence of this 
place and His epiphany to Himself therein. God had already 
brought the universe into being with an existence resembling 
that of a fashioned soulless body, and it was like an unpolished 
mirror. Now, it belongs to the Divine decree (of creation) 
that He did not fashion any place but such as must of necessity 
receive a Divine soul, which God has described as having 
been breathed into it; and this denotes the acquisition by that 
fashioned form of capacity to receive the emanation, i.e., the 
perpetual self-manifestation which has never ceased and never 
shall. It remains to speak of the recipient (of the emanation). 
The recipient proceeds from naught but His most holy emana- 
tion, for the whole affair (of existence) begins and ends with 
Him: to Him it shall return, even as from Him it began. 

The Divine will (to display His attributes) entailed the 
polishing of the mirror of the universe. Adam (the human 
essence) was the very polishing of that mirror and the soul of 
that form, and the angels are some of the faculties of that 
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form, viz., the form of the universe which the Sufis in their 
technical language describe as the Great Man, for the angels 
in relation to it are as the spiritual and corporeal faculties in 
the human organism. . . . The aforesaid microcosmic being 
is named a man and a Vicegerent.1 


In the Sufi perspective, the Prophet in his inner reality, 
the Muhammadan Light (al-niir al-muhammadi), is the Logos, 
the archetype of the whole of creation, containing within 
himself the "idea" of the cosmos just as according to the 
Gospel of St. John all things were made by the Word or 
Logos. He is àlso the perfect man, in whom all states of 
being, dormant and potential in most men, have become re- 
alized. These two functions—as the Logos, and the archetype 
of all creation, and as the norm of sanctity, and the perfect 
model for the spiritual life—are united in the “Universal 
Man" (al-insan al-kamil). The Prophet is the Universal Man 
par excellence, coming at the end of the prophetic cycle, and 
therefore uniting within himself all aspects of prophethood. 
The Sufi, Najm al-Din al-Ràzi, in his Mirsad al-ibàd (The 
Path of the Worshippers) compares the universe to a tree 
and the Prophet Muhammad to a seed; he writes that, just 
as the seed is first planted in the earth, then the stem comes 
forth, then the tree, then its leaves, and finally the fruit, in 
which the seed is once again contained, so did the inner 
reality of the Prophet as the Logos precede all things, al- 
though he himself came into this world only at the end of the 
great prophetic cycle. All other prophets, however, as well as 
the great saints, the “poles,” or aqtāb in Sufi terminology, 
also partake of the nature of the Universal Man, and there- 
fore also possess a cosmic function. Man himself, in fact, by 
virtue of his central position in the cosmos, is potentially 
capable of identifying himself with the Universal Man, al- 
though higher states of being remain latent for the majority 
of men, and become fully realized only in the person of the 
pag or the perfect Sufi, who has reached “the end of the 
pa Kii 

This dual role of the Universal Man, as model of the 
spiritual life, and as archetype of the cosmos, gives a cosmic 
aspect to Islamic spirituality. The benediction upon the 
Prophet and his family, so common in Muslim rituals, is - 
also a benediction upon all creatures. The contemplative 
presents himself before God as part of the creation to which 


1 R. A. Nicholson, Studies in Islamic Mysticism (Cambridge: Cambridge 
University Press, 1921), pp. 154-155. 
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he is wed, not only by the elements of his own body, but 
also by that Spirit which is the source of his own being, as 
well as of the universe. Islamic spirituality and gnosis, in their 
cosmic aspect, assign to Nature a positive role in the spiritual 
life, prefigured in the cosmic functions of the Prophet as the © 
most perfect of all creatures, and as the archetype of the 
whole universe. 

The various levels of Islam are united by the idea of 
Unity, interpreted according to different degrees of pro- 
fundity. The first Shahadah or affirmation of faith is La ilaha 
ilb Allah, which may be translated as “There is no divinity 
other than The Divinity"; it is to be understood, on the theo- 
logical level and that of the Divine Law as an affirmation of 
the Unity of God, and a denial of polytheism. In the Sufi per- 
spective, however, the same formula becomes the doctrinal 
basis and the most perfect expression of the unity of Being, 
wahdat al-wujüd: “There is no being other than Pure Being" 
(because there cannot be two independent orders of reality); 
by extension, "there is no reality, beauty or power except ab- 
solute Reality, Beauty and Power.” The first Shahddah, the 
fountainhead of all Islamic metaphysics, thus expresses, at the 
metaphysical level, the “nothingness” of all finite beings be- 
fore the Infinite, and integrates all particulars into the Uni- 
versal. At the cosmological level, it expresses the unicity of all 
things: the corollary to the Unity of the Divine Principle is 
the unicity of all manifestation and the interrelation of all 
beings. Just as it is the aim of all metaphysics to arrive at 
the knowledge of Divine Unity (al-tawhid), so it is the aim 
of all cosmological sciences to express the unicity of all 
existence. The sciences of Nature in Islam share with medi- 
eval science in the West, as well as with ancient science gen- 
erally, this basic aim of expressing "the unicity of all that 
exists." 

The Sufis express the unity of Being, and the relation of 
the cosmos to its Principle, in many ways—using, in each 
case, symbols based upon immediate experience. Some Sufis 
like Nasafi have employed the image of ink and the letters 
of the alphabet written by it, while al-Jili in his famous treatise 
on universal man compares the relation of the universe to 
God with that of ice to water. He writes: 


The world is comparable to ice, and the Truth to water, 
the origin of this ice. The name "ice" is only lent to this coagula- 
tion; it is the name of water which is restored to it, according 
to its essential reality. 
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As a parable, creation is similar to ice, 

And it is Thou who art in it the water gushing forth. 

Ice is not, if we realize it, other than its water, 

And it is not in this condition but for contingent laws. 

But the ice will melt away, its condition will dissolve; 

The liquid state will be at length established in fact. 

These contrasts are unified in one beauty: 

It is in it that they are annihilated; and it is from them 
that it radiates.? 


The tenth/sixteenth century Persian Sufi poet and scholar, 
«Abd al-Rahman Jami, in his Lawaih (Flashes of Light), a sum- 
mary of Ibn -Arabi's doctrines of the school of wahdat al- 
wujüd (“unity of Being"), outlined the principles of which 
we have been speaking. We give a few passages below as ex- 
pressions of this principle of the unity of Being whose im- 
portance in the comprehension of Sufi metaphysics and cos- 
mology can hardly be overemphasized. 


The Real Being, quà Being, is above all names and attributes, 
and exempt from all conditions and relations. The attribution 
to Him of these names only holds good in respect of His aspect 
towards the world of phenomena. In the first manifestation, 
wherein He revealed Himself, of Himself, to Himself, were 
realized the attributes of Knowledge, Light, Existence, and 
Presence. Knowledge involved the power of knowing and that 
of being known; Light implied those of manifesting and of 
being manifest; Existence and Presence entailed those of causing 
to exist and of being existent, and those of beholding and of 
being beheld. And thus the manifestation which is characteristic 
of Light is preceded by concealment; and concealment, by its 
very nature, has priority over, and is antecedent to, manifesta- 
tion; hence the concealed and the manifested are counted as 
first and second. 

And in like manner, in the case of the second and third 
manifestations, etc., as long as it pleases God to continue them, 
these conditions and relations always go on redoubling them- 
selves. The more these are multiplied, the more complete is 
His manifestation, or rather His concealment. Glory be to 
Him who hides Himself by the manifestations of His light, 


2 Al-Jili, Al-Insán al-kamil (Universal Man) (Cairo: Al-Bahiyah Press, 
1304 A.t), Part I, p. 31. The translation is by S. H. Nasr based on the 
French translation of this and other fragments of this work from the 
Arabic text in a summary of it by T. Burckhardt entitled De l'homme 
universel (Lyon: P. Derain, 1953), pp. 51-52. 
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and manifests Himself by drawing a veil over His face. His 
concealment has regard to His pure and absolute Being, while 
His manifestation has regard to the exhibition of the world 
of phenomena. 


“O fairest rose, with rosebud mouth," I sighed, 

“Why, like coquettes, thy face for ever hide?” 
He smiled, “Unlike the beauties of the earth, 

Even when veiled I still may be descried.” 


Thy face uncovered would be all too bright, 

Without a veil none could endure the sight; 
What eye is strong enough to gaze upon 

The dazzling splendour of the fount of light? 


When the sun’s banner blazes in the sky, 
Its light gives pain by its intensity, 
But when ’tis tempered by a veil of cloud 

That light is soft and pleasant to the eye. 
It follows, therefore, that in the external world there is only 
One Real Being, who, by clothing Himself with different modes 
and attributes, appears to be endued with multiplicity and 
plurality to those who are confined in the narrow prison of 
the “stages,” and whose view is limited to the visible properties 
and results. 


Creation’s book I studied from my youth, 
And every page examined, but in sooth 

I never found therein aught save the “truth,” 
And attributes that appertain to “Truth.” 


What mean Dimension, Body, Species, 
In Mineral, Plant, Animal degrees? 

The “Truth” is single, but His modes beget 
All these imaginary entities. 


When one says that the multiplicity of things is compre- 
hended in the Unity of the One Real Being, this does not mean 
that they are as the parts contained in an aggregate, or as 
objects contained in a receptacle, but that they are as the 
qualities inherent in the object qualified, or as consequences 
flowing from their cause. Take, for instance, the half, the third, 
the fourth, and other fractions up to infinity, which are poten- 
tially contained in the integer, one, though not actually mani- 
fested until they are exposed to view by repeating the various 
numbers and fractions. . . . 
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These modes are in the essence of the "Truth," 
Like qualities which qualify the “Truth”; 

But part and whole, container and contained, 
Exist not where God is, who is the "Truth."5 


The doctrine of the unity of Being was first formulated ex- 
plicitly by the seventh/thirteenth century Sufi, Muhyi al-Din 
ibn <Arabi, who was born in Andalusia and died in Damas- 
cus. He was the most important expositor of Sufi doctrines, 
particularly of cosmology and the sacred sciences. In the early 
centuries of Islam, the Sufis had stressed the purification of 
the heart, as the symbolic seat of intelligence, and therefore 
did not occupy themselves with writing elaborate metaphys- 
ical and cosmological treatises, like the later Sufis. This ap- 
parent “weakness” and its “correction” were not due to a “de- 
velopment” or later “accretion” but rather arose because the 
need for explicit formulation grows with the increase in the 
lack of comprehension of doctrines, not with the increase in 
the ease of understanding them. Ibn ‘Arabi, coming after 
six centuries of Sufism, was destined to formulate explicitly 
doctrines that had, until that time, remained more or less 
implicit. He expressed the Sufi conception of Nature in 
formulations based not only upon Quranic terminology, 
but also upon elements drawn from Hermetic and Pythago- 
rean sources. It was he who explicitly expressed for the first 
time in Arabic the conception of Nature as the "breath of 
the Compassionate.” As he writes in the Fucahdat al-mak- 
kiyah (Meccan Revelations): 


What is called breath from the point of view of its ontological 
reality is not the breath except by virtue of its coming from the 
Compassionate or what corresponds to it among the Divine 
Names. .. . In reality what Allah “breathes” into creation is 
what is found of necessity and by inner determination, but 
actually by that which is His Attribute from the influence of 
His Will.* 


According to Ibn ‘Arabi and most other Sufis, the creation 
of the world is thus based upon the "compassion" (al- 
rahmün) of the Infinite. It is by His Compassion that God 
gives being to the Names and Qualities which are the arche- 


3 Jami, Lawa@ih, A Treatise on Sufism, translated by E. H. Whinfield and 
Mirzà Muhammad Kazvini (Oriental Translation Fund, New Series, Vol. 
XVI. London: Royal Asiatic Society, 1914), pp. 14-15, 20-21. 

4 Ibn «Arabi, Futihat al-makklyah (Cairo: Al-‘Amirah Press, 1329), II, 
p. 566. Translated by S. H. Nasr. 
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types of creation. As the sacred saying of the Prophet 


Muhammad puts it: “I [God] was a hidden treasure; I wanted 


to be known. Therefore, I created the world." This desire to 
be known arises from the Compassion of the Divine Being 
for Himself. The word “compassion” (al-rahmdn) is therefore 
the principle of manifestation, the "expansive" aspect of the 
Infinite; the substance of which the universe is made is thus 
called the "Breath of the Compassionate." Each particle of 
existence is immersed in this breath, which endows it with 
a "sympathy" with other beings, and above all with the 
source of the breath, the Divine Compassion. That is why the 
Sufis say that each atom of the universe is a “theophany” 
(tajalli) of the Divine Being. Mahmid Shabistari, in the 
Gulshan-i Ràz (The Mystic Rose Garden) expresses the pres- 
ence of the Divine Being in all things when he writes: 


Non-being is a mirror, the world the image [of the Universal 
Man], and man 

Is the eye of the image, in which the person is hidden. 

Thou art the eye'of the image, and He the light of the eye. 

Who has ever seen the eye through which all things are seen? 

The world has become a man, and man a world. 

"There is no clearer explanation than this. 

When you look well into the root of the matter, 

He is at once seen, seeing eye, and thing seen. 

The holy tradition has declared this, 

And "without eye or ear" demonstrated it. 

Know the world is a mirror from head to foot, 

In every atom are a hundred blazing suns. 

If you cleave the heart of one drop of water, 

A hundred pure oceans emerge from it. 

If you examine closely each grain of sand, 

A thousand Adams may be seen in it. 

In its members a gnat is like an elephant; 

In its qualities a drop of rain is like the Nile. 

The heart of a barley-corn equals a hundred harvests, 

A world dwells in the heart of a millet seed. 

In the wing of a gnat is the ocean of life, 

In the pupil of the eye a heaven; 

What though the grain of the heart be small, 

It is a station for the Lord of both worlds to dwell therein.5 


Nature, according to Sufi cosmology of the school of Ibn 

5 Mabmüd Shabistari, Gulshan-i Raz (The Mystic Rose Garden), trans- 

lated by E. H. Whinfield (London: Triibner & Co., 1880), pp. 15-16. 

rd modifications of the translation of this passage have been made by 
. H. Nasr. 
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cArabi, is the thiird member of the cosmic hierarchy, follow- 
ing the Intellect and the Universal Soul. Ibn ‘Arabī writes 
in the Meccan Revelations: 


Know that Nature is for us in the third state of existence, 
with respect to ‘the First Intellect. Its existence is intelligible, 
but its essence does not exist [it is in a latent and non-differen- 
tiated state]. Thse meaning of our saying “it is created” is that 
it is determinedi, because creation is determination, and to 
determine sometthing is to bring it into being.® 


Universal Naturæ is a limitation, when considered with re- 
spect to the Divine Principle Itself; yet it is also the produc- 
tive and feminime aspect of the Divine Act, or Universal 
Essence. The Diwine Act creates all the worlds of existence 
out of the womlb of Universal Nature, which Ibn ‘Arabi 
calls “the Mothetr of the Universe.” Since the Divine Act, is 
however, permanent and pure actuality, it is Universal Nature 
that is responsible for bringing things from potentiality to 
actuality. Nature is the “dynamic” aspect of the passive pole 
of Being; it is therefore the active cause of change in this 
world, in spite of’ its being passive with respect to the Divine 
Act. Matter, whic:h Nature moves, is the "static" aspect of this 
same feminine aud passive pole, the plastic substance of 
which the forma] world is shaped. Nature, seen in this light, 
is a:divine powew, molding this substance and directing the 
changes in the umiverse. The regularities and logical coher- 
ence of Nature sye inverted reflections of the absolute free- 
dom of the Divine Act, which “acts without acting" upon 
Nature. 

Just as the first Shahddah (affirmation of faith) of Islam, 
which means ultimately the unity of Being, opens the faith of 
the Muslim, so the second Shahadah of Islam, Muhammadun 
rasil Allah, "Muhammad is the messenger of God," com- 
pletes his declaration of faith. The Divine Law interpretation 
considers the formula to signify simply that Muhammad was 
the Prophet of Qod and received the revelation from Him. 
The Sufis add to this interpretation the esoteric significance 
of the formula, which involves the inner reality of the 
Prophet as the Logos, the ‘archetype of Creation. From this 
latter point of view, the second Shahàdah means that the 
universe is a mar ifestation of God. 

«Abd al-Karim .al-Jili in his Universal Man writes: 


6 Ibn ‘Arabi, Futühóu, Il, pp. 565—566. 
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The Universal Man [the Logos] is the pole around which all 
the spheres of existence from the first to the last evolve. He is 
unique as long as existence lasts. However, he appears in differ- 
ent forms and reveals himself by diverse cults, so that he re- 
ceives multiple names. . .. 

Know that the Universal Man bears within himself cor- 
respondences with all the realities of existence. He corresponds 
to the superior realities by his subtle nature, and to the inferior 
realities by his gross nature. . . . The Divine Throne corresponds 
to his heart; moreover, as the Prophet has said, the heart of 
the believer is the throne of God; the Divine Pedestal corre- 
sponds to his "I-ness"; the Lotus Tree of the Extreme Limit 
[referring to the Quranic description], to his spiritual state; the 
Supreme Pen to his Intellect; the Guarded Tablet [the tablet 
upon which God has written all events of the cosmos before 
the creation of the world] to his soul; the elements to his body 
and the hylé—to his receptivity.” 


Considered metaphysically, the first Shahádah “annihilates” 
all things as separate realities before the Divine Unity; the 
second relates all multiplicity, in so far as it possesses a posi- 
tive aspect, to Unity through the Universal Man, the arche- 
type of all existing things. For the Sufi, the world is not God, 
but neither is it other than God; it is not God who is in the 
world but, to quote a contemporary Sufi, the world which “i 
mysteriously plunged in God.” 

The Universal Man, the “Light of Muhammad,” who is 
essentially the Logos or Supreme Spirit, is the theater of the 
theophany of all the Divine Names and Attributes, and the 
archetype of the cosmos. Creation thrives upon him and de- 
rives its sustenance from his being. He is also the archetype 
of the children of Adam, all of whom are potentially the 
Universal Man, although it is only among the prophets and 
the greatest saints that this potentiality becomes actualized. 
In them, the inner reality of the microcosm becomes illu- 
minated, so that the Divine realities are reflected in it. As the 
Universal Man, the archetype of the cosmos, contains in him- 
self all the Platonic “ideas,” so does the gnostic, who has re- 
alized his inner oneness with his archetype, become the 
mirror in which God contemplates His own Names and 
Qualities. As al-Jili writes: 


Know that it is the Universal Man to whom in principle the 
7 Al-Jili, op. cit., Part II, pp. 48-49. Translated by S. H. Nasr. A some- 


what different and full translation of this section is given by Nicholson in 
his Studies in Islamic Mysticism, p. 105. 
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Names of the Essence and Divine Qualities belong, as does the 
kingdom [universal existence] by virtue of his essence. . . . 
Therefore he is to God what a mirror is to a person who does 
not see his face except in it. . . . The Universal Man is the 
mirror of God because God has imposed upon Himself the 
condition of not contemplating His own Names and Qualities 
except in the Universal Man. And this is the meaning of the 
Divine saying, “Lo! We offered the trust unto the heavens and 
the earth and the hills, but they shrank from hearing it and 
were afraid of it. And man assumed it. Lo! he hath proved a 
tyrant and a fool." [Quran 33: 72.] That is to say, he did wrong 
to his own soul and fell from such a high rank ignorant of his 
own capacity since he is the locus of Divine Trust of which 
he is not aware.? 


In still another passage, al-Jili describes the creation of the 
universe from the Idea of Ideas (which, from the cosmic 
point of view, may be identified with the Universal Man), in 
these symbolic terms: 


Before the creation God was in Himself, and the objects of 
existence were absorbed in Him so that He was not manifested 
in anything. This is the state of "being a hidden treasure" or, as 
the Prophet expressed it, “the dark mist above which is a void 
and below which is a void," because the Idea of Ideas is beyond 
all relations. The Idea of Ideas is called in another Tradition 
*the White Chrysolite, in which God was before He created the 
creatures." When God willed to bring the world into existence, 
He looked on the Idea of Ideas (or the White Chrysolite) 
with the look of Perfection, whereupon , it dissolved and be- 
came a water; for nothing in existence, not even the Idea of 
Ideas, which is the source of all existence, can bear the perfect 
manifestation of God. Then God looked on it with the look of 
Grandeur, and it surged in waves, like a sea tossed by the winds, 
and its grosser elements were spread out in layers like foam, 
and from that mass God created the seven earths with their 
inhabitants. The subtle elements of the water ascended, like 
vapour from the sea, and from them God created the seven 
heavens with the angels of each heaven. Then God made of 
the water seven seas which encompassed the world. This is how. 
the whole of existence originated.? 


. 'The doctrine of the Universal Man is the alpha and omega 
of all esoteric sciences of the universe, because the Universal 
8 Ibid., Part II, p. 50. 


9 R. A. Nicholson, Studies in Islamic Mysticism (Cambridge: Cambridge 
University Press, 1921), pp. 121-122. 
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Man contains the archetypes of creation, in terms of which 
the gnostic seeks knowledge of all things. Moreover, the Uni- 
versal Man is the archetype of the gnostic himself; to the 
degree that the latter gains knowledge in terms of the arche- 
types, he is realizing an aspect of his own being. His knowledge 
and his being thus become identified. He gains *sympathy" with 
the cosmos to the degree that he approaches his own inner 
reality. The universe itself is in fact manifested because of 
the Divine Compassion, which has created a sympathy be- 
tween all things. The sympathy between the gnostic and God 
includes all the other cosmic sympathies: it is the same com- 
passion which causes the universe to be manifested that also 
draws the gnostic, and through him all other creatures, back 
to their Divine Source. 
The seventh/thirteenth century Sufi Nasafi, writes: 


To travel the path is not an exclusively human thing. All 
the species of the existent world are journeying, to reach their 
£oal and end. And the aim of each thing is perfection, and the 
end of all things is the human species, which is the perfection 
of the whole. To their goal they journey in obedience and 
natural movement . . . but to their end they can also go against 
their will, in violent movement. All things in the world of ex- 
istence are on a journey to attain to their goal, and man too is 
on a journey. But the goal of man is maturity, his end freedom. 
The motive for the traveling of all these things is love. O dear 
friend, the seed of all plants and the sperm of all animals is 
filled with love, indeed all the parts of the world of existence 
are drunk with love; for if there were no love, the sphere 
would not turn, the plants would not grow, the animals would 
not be born. All are full of love for themselves, strive to be- 
hold themselves, desire to see themselves as they really are, 
and to disclose the beloved to the eyes of the lover.1° 


We have undertaken to state briefly the doctrines of the 
unity of Being and of\the Universal Man, which are for the 
most part alien to modern readers, in order to indicate the 
theoretical aspect of Islamic metaphysics, without a knowl- 
edge of which the comprehension of the gnostic perspective 
would be impossible. But the reader should never identify 
the theoretical formulation with gnosis itself, for the Sufis 
10 Spirit and Nature: Papers from the Eranos Yearbooks, translated by 
Ralph Manheim; “The Problem of Nature in the Esoteric Monism of 
Islam (1946)” by Fritz Meier, who translates on page 197 Nasafi, Tanzil 
al-arwah (The Descent of Spirits). Bollingen Series XXX, 1., copyright 
1954 by Bollingen Foundation, New York. Distributed by Pantheon 
Books), I, 197. London: Routledge & Kegan Paul Ltd. Reprinted by 
permission. 
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always emphasize that something must happen to the soul of 
the seeker, even more than to his mind: he must stop being 
what he now is, and become a new being. Theories and 
books are thus merely an aid, not the "thing" itself. Regard- 
ing the inadequacy of books, Nasafi writes, 


... in this book, I have not set down my own opinion and my 
own point of view. And this is because a man does not know 
everything; because it is not fitting for him to say everything 
he knows; and because it is not fitting for him to write every- 
thing he says. Of a hundred thousand men, there may be one 
who knows; of a hundred thousand things this man knows, there 
may be one that he should utter, and of a hundred thousand 
things he utters, there may be one that he should write. . . . 
And thus, since Muhammed, or indeed since Adam, everyone 
who has had knowledge of the essence of things obtained it 
through personal association with one who knew. . . .11 


Even the book of Nature is only an aid toward the ulti- 
mate goal of the gnostic. Again, to quote Nasafi: 


Each day destiny and the passage of time set this book be- 
fore you, sura for sura, verse for verse, letter for letter, and 
read it to you... . . like one who sets a real book before you 
and reads it to you line for line, letter for letter, that you may 
learn the content of these lines and letters. This is the meaning 
of the words: “We will show them our signs in different coun- 
tries and among themselves until it become plain to them that 
it is the truth" (Sura 41:53). But what does it avail if you 
have no seeing eye and no hearing ear, i.e., no eye that sees 
things as they are, and no ear that hears things as they are? 
This is the meaning of the words: "They are like the brutes: 
yea, they go more astray: these are the heedless" (Sura 7:178). 
But if you yourself cannot read, then you must at least listen 
when someone reads to you, and accept what he reads. But you 
do not accept it because you have not the ear fer it. "Who 
heareth the signs of God recited to him, and then, as though 
he heard them not, persisteth in proud disdain" (Sura 45:7), 
*as though his ears were heavy with deafness; announce to him 
therefore things of an afflictive punishment" (Sura 31:6). ... 
But he who finds for himself the eye of the eye and the ear of 
the ear, who transcends the world of creatures and attains to 
the world of the commandment [the spiritual world], he ob- 
tains knowledge of the whole book in one moment, and he who 
has complete knowledge of the whole book, who frees his heart 


11Nasaffs Kashf al-haqibiq (The Revelation of Spiritual Realities) in 
Spirit and Nature, op. cit., p. 171. 


The Gnostic Tradition 351 


from this book, closes the book and sets it aside, he i$ like one 
who receives a book and reads it over and over until he fully 
knows its content; such a man will close the book and set it 
aside.12 


The spiritual journey of man in quest of the ultimate sci- 
ence of things, of certainty of knowledge, thus means a trans- 
formation of the soul and involves a "phenomenology" of its 
own. Nasafi writes that 


spirit and body are in the beginning as butter in milk and at 
the end as rider and mount. That is to say, in the beginning they 
are in one another, at the end they are with one another, in the 
beginning there is mixture, at the end contiguity.13 


Once the butter and milk are separated, i.e., once the chaos 
of the soul of ordinary man is transformed into the order or 
"cosmos" illuminated by the Intellect, then man becomes a 
gnostic, a mirror in which all things are reflected, because 
he becomes himself, what he always “was” without being 
conscious of it. As Nasafi expressed it: 


Although each individual being in the existent world is a goblet, 
the knowing man is the goblet that reveals the whole cosmos. 
Thus the knowing man is the union of all stages (of being), the 
“great electuary,” the goblet that reveals the world... 

In quest of the goblet of Djam [the cup of Solomon which 
contained the world], I journeyed through the world. 

Not one day did I sit down, and not one night did I give my- 
self to slumber, 

When from the master I heard a description of the goblet of 
Djàám, 

I knew that I myself was that goblet of Djàm, revealing the 
universe.14 


The final stage of science is the "subjective" realization of 
“objective” knowledge which itself lies beyond such a sub- 
ject-object distinction. A change must take place within the 
soul of the knower; he must cast aside the ordinary con- 
sciousness, by which man lives during his everyday life, in 
order to become illuminated by a new form of consciousness 
which, until the moment of effective realization, lies hidden 


12 Ibid., p. 203. 
13 Nasafi, Tanzil, op. cit., p. 196. 
14 Ibid., p. 189. 
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and latent within the soul. His theoretical and discursive 
knowledge must become immediate and ‘intuitive. As Jalal 
al-Din Rimi, the incomparable seventh/thirteenth century 
Persian poet of Sufism, writes in his Mathnawi, which is an 
ocean of gnosis: 


Come, recognize that your sensation and imagination and 
understanding are like the reed-cane on which children ride. 

The spiritual man's knowledge bears him aloft; the sensual 
man's knowledge is a burden. . . . 

Do you know any name without a reality? Or have you ever 
plucked a rose from R.O.S.E.? 

You have pronounced the name: go, seek the thing named. 
The moon is in the sky, not in the water. 

Would you rise beyond the name arid letter, make yourself 
entirely pure, 

And behold in your own heart all the knowledge of the 
prophets, without book, without learning, without preceptor.!5 


All the arts and sciences that the human mind can master 
cannot replace or even lead to gnosis, if these disciplines are 
regarded as independent modes of knowledge. Again, to 
quote Rümi, this time his prose masterpiece, Fihi mà fihi 
(Discourses, in its English translation): 


One person comes to the sea and sees nothing but salt water, 
whales and fish. He asks, “Where is the jewel [the pearl which 
symbolizes gnosis]"? Perhaps there is none. But when can the 
pearl be found by just looking at the sea? If that person takes 
out a hundred thousand pails of water from the sea, he will not 
find the pearl. One needs a deep sea diver to discover the pearl, 
and then not just any diver at all, but one who is clever and 
fortunate. These arts and sciences are like taking out the water 
of the sea in pails; the way of finding the pearl is something else. 
There are many who possess all the arts, as well as wealth and 
beauty, but not that meaning [gnosis]; there are many whose 
appearance is in ruins, who do not have a handsome face or 
elegance of speech, yet the meaning which is immortal is in 
them. It is by virtue of that meaning [gnosis] that man is en- 
nobled and honored, and has superiority over other creatures.}® 


_ The “prayer of the gnostic” is to "see" that the knowledge 
of each particular being and each domain leads to the knowl- 


ISR. A. Nicholson, Rumi, Poet and Mystic (London: George Allen & 
Unwin, 1950), p. 98. 

16 Rümi, Fihi mà fihi (Tehran: Mejlis Press, 1330), p. 186. Translated 
by S. H. Nasr. 
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edge of its ontological cause, to see in the arts and sciences the 
vehicle and support for the realization of gnosis. The famous 
prayer of the Prophet as orchestrated and expanded by Jàmi, 
sums up the end toward which the gnostic strives with all 
his mind, soul and body: 


O God, deliver us from preoccupations with worldly vani- 
ties, and show us the nature of things "as they really are." 
Remove from our eyes the veil of ignorance, and show us 
things as they really are. Show us not non-existence as ex- 
istent, nor cast the veil of non-existence over the beauty of 
existence. Make this phenomenal world the mirror to reflect 
the manifestation of Thy beauty, not a veil to separate and 
repel us from Thee. Cause these unreal phenomena of the 
Universe to be for us the sources of knowledge and insight, 
not the causes of ignorance and blindness. Our alienation and 
severance from Thy beauty all proceed from ourselves. Deliver 
us from ourselves, and accord to us intimate knowledge of 
Thee.17 


17 Jami, Law@ ih, p. 2. 
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Book of Sixty Sciences, The, of 

Kahir al-Din al-Rāzī, 62, 

Book of Summary in the Process 
of Calculation for Compul- 
sion and Equation, The, of 
al-Khwārazmī, 149, 158 

Books of the Balance, The, of 
Jābir, 43 

Botany, studies on, 102, 112, 113, 
116, 216 

Boundaries of the World, of al- 
Maqdisī, 101 

Bradwardine, 138 

Brahe, Tycho, 88, 171 

Brahmagupta, 169 

Brethren of Purity, 31, 37, 51, 62, 
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111, 147, 149, 171, 316; 
mathematics of, 152-57 

(quoted) 

Browne, E. G., 1867., 1877., 1977., 
2997. 

Buffalo (jamiis), 122 

Bukhari, collection of prophetic 
traditions of, 192 

Al-Bini, 111 

Burckhardt, T., 248n., 3427. 

Burzüyah, 189-90 (quoted) 

Al-Busti, 151 

Al-Buzjani, 50, 149, 170-71 

Buzürg ibn Shahriyar, 118 


Calendar, see Jalali calendar; Gre- 
gorian calendar 

Calendar of Health, The, of Ibn 
Butlàn, 213 

Camel (ibl), 120 

Canamusali, 213 

Canon of al-Mas-üdl, of al-Birüni, 
50, 179 

Canon of Medicine, of Avicenna 
49, 51, 56, 210, 212, 217, 223n. 

aos procheiroi, of Ptolemy, 


Cardano, Geronimo, 44 

Cartography, 99, 102, 103, 179 

Cat (sinnaur), 12 

Catdlogo de las ciencias, of al- 
Farabi, 62n. 

Categories, of Aristotle, 60 

Catharsis (Tajrid), of Nasir al- 
Din, 55 

Catoptrics, studies in, 129 

Causality, Aristotelian notion of, 
35, 306 

ri globe in Naples museum, 


ca of gravity, study of, 139, 


Coane um madaris (colleges) 
o » 

Chahar Bagh, of Isfahan, 71 
Chahar Magala, of Nizami-i 
‘Aridi, 186n., 200n., 209n. 
Chaldean cosmological science, 30 

Charlemagne, 28 
China: cosmological science of, 30; 
influence of sciences of, on Is- 
lamic sciences, 31-32; 
influence of, in the arts and tech- 
nology, 32; 
sea voyages to, 100; 
cinnamon from, 116; 
accounts of Ibn Battütah on, 
237-41 (quoted) 
Christianity: religious structure of 
Islam differs from, 22-23; 
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early culture of Islam compared 
to that of, 28; 
challenge of, as minority group 
in Islamic world, 70; 
and Hermeticism, 249; 
integration. of Islamic alchemy 
into, 285, 286; 
and Aristotelianism, 307; 
influence of philosophy of Aver- 
roes on, 317 
Chronology of Ancient Nations, of 
al-Birüni, 50, 231 
Cinnamon, 116-18 
Circle or "gathering" (majlis), as 
institution of learning, 70 
CN HON Islamic: symbol of, 


based on revelation brought by 
Muhammad, 22; 
perspectives within, 29-40 
Clarification of Doubts, of Hajji 
Khalifah, 62 
Classification of the sciences, 59— 


Aristotelian division of, 60; 

by al-Kindi, 60; 

by al-Farabi, 60-62; 
Modifications and elaborations 


on, 62; 
by Ibn Khaldün, 62-64 
len ee Chapter of the Quran, 


Collected Stories, of al-‘Aufi, 113 

Collection of Singularities Relative 

f to some of the Marvels of the 
Maghrib, The, of al-Mazini, 

Colleges (maddris), chain of, 71 

Columbus, 103 

Comperaure religion, study of, 
3 

Compendium, of Rhazes, 204 

Complete Book of Simple Drugs, 
The, of Ibn al-Baitar, 216 

Concession (Concessio), of Albu- 
casis, 214 

Conics, of Apollonius, 129, 149 

Consequentiality, 35 

“Constitution of Medicine, The," 
of M. H. Shah, 224n. 

y E (hal), ecstasies of, 


levet of Islam, 


Contemplative 

Continens (al-Hàwi), of Rhazes, 
3 , 2 

Copernicus, 173-74, 182 

Corbin, Henry, 335 

Cordova, as medical center, 214 

Cosmas, 244 

Cosmic mountain (Qa/), 95, 99 
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Cosmic tree, of the Quran, 95 
Cosmographical encyclopedia, 118 
Cosmography, The, of Abü Yahya 
al-Qazwini, 97 
Cosmography: elements of, in the 
Quran, 95-96; 
based upon angelology derived 
from Quran, 97; 
treatises on, 97, 102; 
in mythological language, 109 
Cosmological sciences: unity of 
Nature as aim of, 25, 30; 
of Hermetic-Pythagorean 
school, 32; 
understanding of, 337 
Cosmology, 92-97, 172, 298, 344; 
traditional, 92; 
concentric circles schemes of, 
93-94; 
elements of, in the Quran, 95- 


based upen angelology derived 
from Quran, 97; 
IY as branch of science of, 
of Avicenna, 298-99 (quoted); 
of Ibn Masarrah, 312; 
of school of Ibn «Arabi, 345-46 
Cosmos: principles of the, 37, 174; 
study of, 92; 
size of, 182; 
Veg schools of alchemy on, 
‘vision of, 336; 
gnostic views of, 338 
Counter-Reformation, 27 
Creation: as theophany (tajalli), 
338, 345; 
as based upon compassion of the 
Infinite, 344; 
and the Universal Man, 347 
Creed of Islam, 22-23 
Cube of the Kaaba, as symbol of 
Islamic civilization, 21 
Cultivation of Gold, of al-'Iráqi, 
278-81 (quoted) 
Curriculum of Sunni and Shiite 
schools, 72-73 


Damascus, hospital in, 89 

Al-Damiri, 113, 118 

Dante, 38, 54, 93 

Dar al-:ilm (House of knowledge), 
in Cairo, 71 

Dara Shuküh, 218 

Daud al-Antaki, see Al-Antaki 

Dawn, phenomena of, 129 

De Anima (On the Soul), of Aris- 
totle, 316 

De Aspectibus, of al-Kindi, 128 

De Koning, P., 204n. 
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De l'homme universel, of T. Burck- 
hardt, 342n. 
De Mneren ten of Avicenna, 49, 


De Pestilentia or De Peste, of 
Rhazes, 46 

De scientia stellarum (On the Sci- 
one of Stars), of al-Battani, 

De Scientiis, of al-Farabi, 60 

Decimal fractions, 151, 152 

Dekhoda, <Ali Akbar, 136n. 

Delhi, observatory in, 88 

Delights of the Heart, The, of 
Hamdallah  al-Mustaufi al- 
Qazwini, 97, 118, 119-25 
(quoted) 

Deliverance from Error, of al- 

. Ghazzah, 308-12 (quoted) 

Democritus, 268 

Demosthenes Philalethes, 212 

Descartes, René, 35, 294 

Descent of Spirits, The, of Nasafi, 
see Tanzil al-arwah 

Denon 0f Africa, of John Leo, 


Description of Animals and their 
eua of Ibn al-Bukhtyishü , 

Description of the Inhabited Parts 
of the Earth, of al-Kindi, 100 

Descriptions of the World, of al- 
*Ashiq, 103 

Determinism, 305 

Diary, of Nasir-i Khusrau, 101 

Diet, 196 

pice babin of Islamic countries, 


Al-Dimashqi, 97, 102 

Diophantos, 148, 149 

Dioptrics, of Kepler, 213 

Dioscorides, 191, 214, 215 

Discourse on the Concave Spheri- 
cal Mirror, A, of Alhazen, 
130-32 (quoted, figure) 

Discourses, of Rümi, see Fihi mà 
fihi 

Disease, causes of, 224 

Dispute between Man and the Ani- 
men of Brethren of Purity, 


Divine Essence of Ipseity (hàhüt), 
the world of, 93, 94 

Divine Mysteries, initiation into, 90 

Divine Names and Qualities, the 
world of, 93, 347 

Divine Pedestal  (kursi) and 
i pus (arsh), of the Quran, 


Divine Unity (al-taukid), 22, 25, 
26, 341 
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Divine Will, dedication to, 23, 25 

Drugs and plants, works on, 112, 
215, 216 

Drunkenness, Rhazes quoted on, 
206-7 

eT Pierre, 176, 178n., 182n., 


n. 
Duns Scotus, John, 49, 315 
Dunthorn, 170 
Dynamics: rules of, 139; 
Avempacean, 314; 
Aristotelian, 314-15 


pum Muslim conception of the, 


, 

motion of the, 137-38, 170, 174 
Eckhart, Meister, 247 
Eclipses, solar and lunar, 170 
Edessa, 30, 189 
Educational institutions, 64-91; 

the mosque, 65-66; 

(maktab), 


elementary school 
66-69; 
of higher learning, 69-79; 
-observatories, 80-88; 
hospitals, 89; 
Sufi centers, 90-91 
Egypt, Islamic medicine in, 212-14 
Eje utu school (maktab), 66- 
Elements of Astrology, of al- 
Birüni, 51, 133 
Elements of Astronomy, of al- 
Farghani, 169, 182 (quoted) 
Elements, of Euclid, 73, 81 
Elgood, C. E., 190r., 194, 205n., 
214n., 218 
Embryology, 218 
Emerald Table, alchemical text, 


244 
Empedocles, 219 
Enneads, 293 
Enoch, of Old Testament, 31, 244 
Enumeration of the Sciences 
pe ns of al-Farabi, 


Epicyclic theory of motion of the 
heavens, 148, 172, 313 

Epistles (Ras@il) of Brethren of 
Purity, 31, 37, 51, 62, 111, 171 

Epitome of the Canon, The, of Ibn 
Nafis, 213-14 (quoted) 

Equilibrium of Planes, of Archi- 
medes, 139 

Equinoxes, theory of oscillatory 
motion of, 170 

Esoteric sciences, 90 

Ethics: work of Nasir al-Din on, 


55; 
manuals of, 230 
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“Etudes sur. Áwhad al-Zaman 
Abwl-Barakát al-Baghdadi,” 
of S. Pines, 3147. 

Euclid, 73, 81, 128 

Evolution, concepts of, 94-95, 336 

Exoteric sciences, 90 

Extent of the Earth in Length and 
Breadth, The, of Ibn Saad, 102 

Eye, studies of, 50, 128, 130, 212, 
213 


Fables of Bidpai, from India, 189, 


190n. 

Fadl ibn al-Naubakht, see Al-Nau- 
bakht 

Fadlallah, 217 

Fakhr al-Din al-Razi, 62, 127, 216- 
17, 321, 328 

Falconry, works on, 112, 113 

Falling body, accelerated motion 
of, 314-15 

Fao-Mun-Ji, 81 

Far East, discovery of, 100 

Al-Farabi, 44, 46-47, 52, 74, 79, 
95, 147, 150, 293, 313, 317; 

classification of the sciences by, 

60-62 


Faras, see Horses 

Al-Farghanit (Alfraganus), 
182-83 

Al-Farsi, 130 

oar dynasty of Egypt, 49-50, 


Al-Fazari, 168-69 : 

Figure of the Sector, of Nagir al- 
Din al-Tüst, 152 

Figures of the Climes, of al-Balkhi, 
1 

Figures of the Stars, of al-Sift, 170 

Fihi mà fihi (Discourses), of 
Rimi, 352 (quoted) 
Firdaus al-hikmah, of al-Tabari, 
see Paradise of Wisdom 
Fitzgerald, Edward, as translator 
of Quatrains of ‘Umar Khay- 
yàm, 53, 160 

Flamel, Nicolas, alchemical activi- 
ties and writings of, 244, 285- 
92 (quoted) 

Flamenco, influence of Persian 
music, 150 

Flashes of Light, of Jami, see 
Law@ih 

Flower of Thoughts on Precious 
Stones, of al-Tifashi, 113 

Fludd, Robert, 244 

Force of gravity, 315-16 

Foundations of the True Properties 
or Remedies of al-Muwaffaq, 


169, 
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Four Discourses, of  Nizámri 
‘Aridi, 185-86 (quoted), 197— 
200 (quoted), 210 

Fr. Angelus, 218 

Free will, 305 

Fusiis al-Hikam (The Bezels of 
Wisdom), of Ibn «Arabi, 339- 
40 (quoted) 

Futühát al-makkiyah (Meccan 
Revelations), of Ibn ‘Arabi, 
344 (quoted), 346 (quoted) 


Galen, 44, 50, 70, 188, 191, 195, 
196, 200, 204, 212, 213 

Galileo, 314, 315, 316 

“Galileo and Avempace," of E. A. 
Moody, 3157. 

Ganges Basin, discovery of sedi- 
mentary nature of, 114 

Geber, 43, 172, 244, 258, 284 

Genghis Khan, 80 

us d system of universe, 137, 


Geodesy, science of, 99, 171 

Geographical Dictionary, of al- 
Bakri, 101 

Geographical Dictionary, of Yaqut 
al-Hamawi, 102, 103-6 
(quoted) 

Geographical encyclopedia, 
102, 103 

Geography, 45, 98-108; 

‘areas included in Muslim study 
of, 99; 
Scientific and sacred, 99 
Geography, of Ptolemy, 99 
Geography, of al-Zuhri, 101 
Geological studies, 112, 113-16 
Geometry, 26, 61, 63, 75, 148, 152, 
Gerard of Cremona, 60, 210, 214 
Gestalt psychology, 329 
Al-Ghafiqi, 112, 116, 215, 216 
Ghanam, see Sheep and goats 
Al-Ghazzali, 51—52, 60, 71, 95, 147, 
249, 307-12, 313, 318; 
treatises of, against rationalistic 

philosophers, 27, 36, 294, 308- 
12 (quoted), 317, 318-21 
(quoted) 

Ghiyath al-Din al-Kàashàni, see Al- 
Kashàni 

Gibb; H. A. R., as translator, 2387., 
241n. 


Gift of the two Mw mins, 218 

Giraffe, 118 

Giralda tower, of Seville, 80 

Gnosis, 26, 27, 28, 36, 90, 245, 294, 
295, 315, 335, 336; 


100, 


Index 


tradition of, 337-53 
Gnostics: the Islam of, 23; 
intellective relation of, to Na- 


ture, 24; 
as seekers after knowledge, 34, 
as people of hal, 90 
Goethe, Johann Wolfgang von, 24 
Gospel of St. John, and the Word, 


340 
Grabadin, of Mesue Junior, 194 
Graeco-Hellenistic heritage of Is- 
lamic arts and sciences, 32, 44 
Grammar, 60, 64 
Granada, madrasah (college) in, 71 
Great Introduction to Astrology, 
of Abū Ma:shar, 169 
Great Medicine, of Rhazes, 217 
Great Siddhanta, of al-Fazari, 169 
Greek learning: spread of, 31, 194; 
Syriac translations of, 31, 32, 44, 


10; 
two schools of, 32-33; 
Muslims as transmitters of, to 
the West, 39 
Greek logic, 305 
Greek medicine, 188, 191, 192 
Greek philosophy, 293, 305 
Greck sciences, 30, i A 147, 179 
Gregorian calendar, 5 
Guide, The, of Rhin, 204, 212 
Gulshan-i Raz (The Mystic Rose 
Garden), of und Shabis- 
tari, 345 (quoted) 
Gynecology, 214 


Habash al-Hasib, see Al-Hasib 
Hahit, see Divine Essence 
Hadith: transmitted science of, 63; 
reciting of, in mosques by nar- 
H afz Abra o 
Hajji Khali fah, 62, 103 
Hàaji Mulla Hadi Sabziwari, see 
Sabziwari 
Al-Hakim, 71, 213 
Hakimite astronomical tables, 171 
Hakims: role of, in Islam, 29, 41, 
297, 322; 
as possessors of knowledge of 
several a 38, 41-42; 
&s central figures in 
of the sciences, A 184; 
as universal figures’ in Islamic 
science, 41-42 
Hal, see fonteroplation 
Al-Hallaj 
Haly A see Al- Majüst 
Haly Rodoam, see -AIt ibn Pr ides 
Hamadan, observatory at, 80 
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Hamdallih al-Mustauff al-Qaz- 
winl, 97, 118 

Happiness, of Tashkub: rüzüdah, 62 

Al-Harith ibn Kaladah, 192 

Háàrün al-Rashid, 16 y 70, 193 

Hasan ibn Müsaà, 

Hasday ben shape, 214 

Al-Hasib, 1 

Al-Bàwi, of Rhazes, see Continens 

Ee yi ee ik 

ayy ibn Yaqz&n, of Avicenna, see 
patada Son of the Awake, of 
vicenn: 

“He who knows" (al-«alIm), as one 
of God's names, 65 

Heart, Rhazes quoted on, 203-4 

Heavens, sciences of, 31, 61, 75, 76 

Heliocentric system of universe, 
137, 148 

Hellenism, 30 

Hermes Trismegistus, 31 

Hermetic-Pythagorean school of 
metaphysics, 32 

Hermeticism, 30, 31, 36, 70, 72, 
188, 244, 249, 257, 259, 285, 
286, 295 

Heron, of Alexandria, 128, 139, 149 

Hierozoicon, 113 

Hikmat alishráq (Theosophy of 
the Orient of Light), of Suhra- 
wardi, 329 

Himar, see Ass 

Hinduism, 50, 233-37, 259 

Hippocrates, 188, 189, 191, 196, 
204, 212, 219 

Hippocratic oath, 89 


i, 
Historia Naturalis, of Pliny, 109 
History: "evolutionistic" concep- 
tion of, 21; 
meaning of, to the Muslim, 21; 
universal, 48, 97, 101, 102, 108- 


9; 
works of bn Khaldün on, 57 
Holmyard, E. J., 42, 259, 267n. 
Horoscopes, 147 
Horses, d des on, 112, 113, 124~ 
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Hospitals, as institutions of learn- 
ing, 89, 91 

House of Knowledge, in Cairo, see 

ar al- ilm 

House of Wisdom, at Baghdad, see 
Baghdad, Bait al-hikmah 

Hubaish, 195 

Hulagu, 55, 80, 102 

Human body, physical, nervous, 
vital systems of, 225-26 
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Human knowledge, subordinated 
to Divine wisdom, 27 

Humoral pathology, 219, 228; 

Avicenna quoted on, 220-23 

Hunain ibn Ishaq, 32, 44, 70, 128, 
195, 196, 212 

Hundred and Twelve Books, The, 
of Jabir, 43 

Hunting, treatise on, 112 

Husain, M. Hidayat, as translator, 
270n. 

Hydrostatics, studies of, 138, 139 

Hypotheses of the Planets, 176 


Ibl, see Camel 

Ibn Abi Usaibi:ah, 217 

Ibn ‘Arabi, 56, 249, 257, 312, 335, 
336, 338, 339-40 (quoted), 342, 
344, 346 (quoted) 

Ibn al--Awwam, 109, 112 

Ibn al-Baitar, 216 

Ibn Bajjah, see Avempace 

Ibn Banna al-Marrakushi, 151 

Ibn Battutah, 102, 109, 237-41 
(quoted) 

Ibn al-Bukhtyishü*, 113 

Ibn Butlan, 213 

Ibn al-Duraihim, 113 

Ibn Fadlan, 100 

Ibn Gabirol (Avicebron), 312 

Ibn al-Haitham, see Alhazen 

Ibn Hajjaj, 112 

Ibn Hauqal, 100 

Ibn Hazm, 312-13 

Ibn Jawáliqi, 112 

Ibn Jubair, 101-2, 109 

Ibn Juljul, 214, 215 

Ibn Kaladah, see Al-Hārith ibn 
Kaladah 

Ibn Khaldün, 51, 56-57, 66, 230; 

classification of the sciences by, 

62-64 

Ibn Khallakàn, 217 

Ibn Khurdadhbih, 100 

Ibn Majid, 103 

Ibn Masarrah, 312 

Ibn Masawaih (Mesue Senior), 44, 
186, 193—94, 195, 196 

Ibn Miskawaih, 109 

Ibn al-Mundhir, 113 

Ibn Muaaffa‘, translations of, 31, 
70, 194 

Ibn Nafi is, 213 

Ibn al-Naubakht, 168 

Ibn al-Qifti, 217 

Ibn Rushd, see Averroes 

Ibn Rustah, 100 

Ibn Sa‘id, of Granada, 102 

Ibn Sarabi, 112 

Ibn al-Shatir, 173 
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Ibn al-Sid, 316 
Ibn Sina, see Avicenna 
Ibn al-Suri, 113 
Ibn al-Suwaid, ‘Uthman, 283 
Ibn Tariq, 169 
Ibn Tufail (Abubacer), 172, 176, 
215, 316 
Ibn Wahshiyah, 109, 111 
Ibn Yünus, 47, 55, 170, 171 
]bn Zuhr (Avenzoar) family, 215 
“Identity of Geber, The," of E. J. 
Holmyard, 267n. 
Idris, Prophet, 31, 32, 244 
Al-Idrisi, 102, 109 
Ifriqiyah, people of, and method of 
child instruction, 68 
Ths@ al-ulim, of al-Farabi, see 
Enumeration of the Sciences 
Ijazah (permit) of competence of 
student, 73-74 
Ikhwan al-Safa, see Brethren of 
. Purity 
Ilkhanid zij, 81, 172 
Illuminationist (ishragt) school of 
philosophy, 36, 56, 126, 130, 
294, 295, 297, 308, 328; 
influence of, on the West, 38 
Illustrated Anatomy, of llyas, 218 
Ilyas, 218 
Imam, role of, 22 
Imàmi, schools of, 43 
Impetus theory of motion, 126, 138, 
314, 315 
Incoherence of the Incoherence, 
The, of Averroes, 54, 317-21 
(quoted), 322 
Incoherence of the Philosophers, 
The, of al-Ghazzali, 52, 54, 
1 
Incunabula, 49 
India, of al-Birüni, 50, 101, 112, 
114n., 118, 1387., 231, 232-37 
(quoted) 
India: sciences of, 30, 31; 
influence of sciences of, on Is- 
lamic sciences, 31; 
numerals of, 45; 
study of geography of, 101, 103; 
Islamic medicine in, 216-19 
Indian Ocean: navigation of, by 
Muslim sailors, 100; 
geography of islands of, 103 
Indo-Pakistani sub-continent, Is- 
lamic medicine m 219 
Inertia, principle of, 
Al-insàn al-kāmil, Ae Universal 
Man 
Instruction of children: different 
methods of, 66—69; 
see also Educational institutions 
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Intellect: as instrument. of gnosis, 
» 37; 


and reason, hierarchy between, 
26-27 


Intellection, triumph of, over inde- 
pendent ratiocination, 27 
Inicie ue function of Islam, 

23 


Intellectual, or philosophical, sci- 
ences, 63 

Intelligible world, 93 

Introduction to Arithmetic, of Ni- 
comachus, 149 

Introduction, greater and lesser, of 
Rhazes, 204 

Introduction to. History, of Ibn 
Khaldin, 62-63, 64n., 66-69 
(quoted) 

Introductory Chapters of Yàqüt's 
Muʻjam al-Buldan, The, trans- 
nun by Wadie Jwaideh, 

n. 


Invocation, of the Sufis, 90 
Ipseity, see Divine Essence 
Al-«Iriqi, 242; . 
as alchemist, 278-82 (quoted) 
Tsagoge, of Porphyry, 60 
Isfahan, the Chahar Bagh of, 71 
Isfahani, 151 
Ishaq ibn Sulaiman, 116 
Al-Isharat warl-tanbihat, of Avi- 
cenna, see Book of Directives 
and Remarks 
Ishrági, see Muminationist School 
lam: meaning of word, 22; 
three levels of meaning in, 23; 
birth, and spread of, in its first 
century, 29-30; 
E ioc of the “middle way,” 


adoption by, of elements of 
other ancient philosophies, 30; 

consolidation of lands of, into 
new spiritual universe, 30, 109; 

arts and sciences of, as synthesis 
of ancient Leer pais a 

as transmitter of Gree learning 
to the West, 39; 

science of, contrasted with West- 
ern, 39; / 

universal figures of Islamic sci- 


ence, 41-58 ; 
Ismad@l Sharaf al-Din al-Jurjant, 
see Al-Jurjani 
Ismailis, 33, 34, 36-37, 55, 295, 322 
Al-Istakhri, 100 
Istanbul, observatory at, 81, 88; 


poem on destruction of, 88 
Isttab, of al-Birüni, 1377. 
Ivanov, W., 328n. 
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Jabarüt, see Angelic substances 

Jàbir ibn Aflah, 80, 172 

Hm Hayyan, 37, 42-43, 110, 
5: 


alchemy of, 242, 244, 258-68 
(quoted) 

Jabir ibn Hayyan, of P. Kraus, 
259n., 261n. 

Jabirian corpus, alchemical trea- 
tises of, 258-59 

AlJabr wal-mugabalah, of al- 
Khwarazmi, see Algebra 

Jafar a] Sadiq, 42, 110, 192, 258, 

5 


Al-Jabiz, 109, 110—11, 118 

Jai Singh, Indian observatories 
built by, 88 

Jaipur, Observatory in, 88 

Jalal al-Din Rümi, see Rümi 

Jalali calendar, 53, 80, 150, 160 

ami, 342-44 (quoted), 353 
(quoted) 

Jamiis, see Buffalo 

Janus Damascus, 194 

Al-Jazari, 139 

Jerusalem, madrasah in, 71 

Jesu Haly, see «Ali ibn Isa 

Jewish Kabbalah, 285 

Jewish. philosophers, 184 

Jews: and the Magi, 31; 

challenge of, as minority group 

in Islamic world, 70 

Al-Jili, 341-42 (quoted), 347-48 
(quoted) 

Jirjis Bukhtyishü-, 193 

Joannitius, 44 

Johannitus Onan, 195 

John . the Grammarian, of Alex- 
andria, 191 

John Leo, the African, 103, 194 

Jundishapur: school at, 31; 


Kalam, see Scholastic theology 
Kamal al-Din al-Farsi, see Al- 
irl 


Kamal al-Din al-Farsi, see Al 
Farsi 

kun alDin ibn Yünus, see Ibn 
us 


ün 
Kamil al-sind«ah. (The Perfection 
nd Art), of Haly Abbas, 
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Al-Karakhi, 150 
Karimov, U. I., 271n. 
Ko L. iC: as translator, 


9n 
Al-Kashani, 81, 82-87 (quoted), 
151, 152, 174; see also Afdal 
` al- Din al- Kashani 
Kashf al-haqg@iq (The Revelation 
of Spiritual Realities), of 
Nasafi, 350n., 351n. 
ALKatib, 214 
Keats, John, 24 
Kennedy, E. S., 172, 173n. 
Kepler, Johann, 50, 130, 176, 213 
Key of Arithmetic, The, of al- 
Kashani, 
Khalid ibn Vand, 191 
Khan school, of Shiraz, 71 
MCN as institution of learn- 


Khanikoff, N 1437, 
Khatak, S. K., as translator, 3357: 
Khayyam, see «Umar Khayyam 
Al-Khazini, 127, 172; 

physics of, 138-45 (quoted) 


Al-Khwirazmi, ee fe 80, 100, 
148-49, 169, 
mathematics ae 15.59 


Al-Kindi, 43—44, 100, 128, 149, 293; 
classification of the sciences by, 


60 

Al-Kirmani, 171 

Kitab al-Hàwi, of Rhazes, see Con- 
inens 


t 

Kitab al-ibar, of Ibn Khaldün, 57 

Kitab al-maliki (The Royal Book 
or Liber Regius), of Haly 
Abbas, 208 

Kitab al-manazir, see Optics, of 


Alhazen 
Kitab al-mukhtagar fi hisab al-jabr 
wa l-mugabalah, of al-Khwa- 


razmi, 158 
Kitab al-Shif@, of Avicenna, see 
Book of Healing, T. The 
Kitab al-tahdid, of al-Birini, 116n. 
Knowledge: and mode of the 
knower, 28, 29, 37, 337; 
Khayyüm's categories of seekers 
after, 33-34 (quoted), 38; 
hierarci of, in Islam, 38, 330; 


Islamic aa eal of unification of, 
embodied in ph 


ysics, 6 
embodied i in A ides de 61-62; 
primacy of, 65; 
Quran as sum of all knowledge, 


65; 
seeker after (falabah), 79 
see Quran 
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Kraus, Paul, 259, 261n. 
Krenkow, F. as translator, 116n. 
Al-Kihi, 149, 170 

Kursi, see Divine Pedestal 


Lahiit, see Pure Being 

Language, sciences of, 60, 64 

Lapidary of Aristotle, The, from 
Pina and Syriac sources, 


Lari, 174 

Latitudes eu longitudes, measur- 
ing of, 99, 101, 171 

Ln s basic dimension of Islam, 


sacred, 63 
Law@ih (Flashes of Light), of 
Jami, 342, 3537. 
Laya-Yoga, 257 
Le systóme du monde, of P. 
Duhem, 178n. 

“Leader among Wise Men" (Shaikh 
al-r@is), Avicenna as, 48 
Learned men, as seekers after 
knowledge, 33, 34, 35, 36 

= , as inseparable from re- 


gion, 65 
pir n Gottfried Wilhelm von, 
2 


4 
Lever, law of the, 139 
Lexicography, 64 
Liber aitonen of al-Khwārāzmī, 


149 

Liber Karatonis, of Thābit ibn 
Qurrah, 139 

Liber Platonis Quartorum, 246-47 
(quoted) 

Liber Regius, see Kitüb al-maliki 

Lory: of Maragha observatory, 


0-81; 
of Alexandria, 191 

Light verse of the Quran, 95, 96 
(quoted) 

Linguistic sciences, see Language, 
sciences of 

Literary History of Persia, A, of 

. G. Browne, 299n. 
Literature, as a linguistic science, 


63 
Eure of Animals, of al-Damiri, 


wine | Son of the Awake (Hayy 
i ora Yagzān), of Avicenna, 36, 

Living Nka er the Awake, of Ibn 
Tufail, 215, 316 

Logarithm, discovery of, 151 

Logic, 47, 60, 63, 294, 305; 

al-Farabi as founder 'of, in 

Islam, 47; 
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as part of program of al-Azhar 
University, 72; 
al-Ghazzali on, "311 (quoted) 
“Logic” of the Orientals, The, of 
Avicenna, 297 
Logos, or Word, 338, 339, 340, 
346, 347 
Lully, Raymond, 244 


Meson view of cosmology, 


Madaris (colleges): rag oe 71; 
teaching personnel of, 7 
relation between CMS and 
student in, 73-74 
Madrasah, see Madaris 
Magno, thes Islamic medicine in, 


21 
Al-Maghribi, 81, 174 
Maghribi method of child instruc- 
tion, 67, 68 
Magi, 31 
Al-Mahani, 149 
Mahdi, M., as translator, 79n. 
Mahmid, of Ghazna, 50, 234 
Mahmüd ADM: see Shabistari 
Maier, Michael, 2. 
Maimonides, is? 184, 215, 313 
Maitre Conches, 285 
Majlis, see Circle or “gathering” 
Al-Majriti, 51, 171 
Al-Majisi (Holy Abbas), 204-5 
(quoted), 208-9 
Maktab, see Elementary school 
Malaka, see Psychic "manifesta- 


Malay A Archipelago, 103 
Malikshah, 53, 


53, 80 
Al-Ma’'mün, 42, 45, 69, 70, 79, 169 
Ma’miinic astronomical tables, 169 
Man, science 8 78, 230-41 


Al ani, 
caliph, P" Sion 
Mansüri hospital in Cairo, 89 
Mapmakers, 1 
M geographical and celestial, 


oe 100-1 
Maragha observatory and scientific 

M nioo; 55, 80-81, 150, 172, 

Al-Maridini, 151 

Al-Marwazi, 112 

Masarjoyah, 194 

Masawaih al-Marindi, 194 

Misawaih (Masüyah) family, 193- 


Masharallah, 168 
Mashshá, see Peripatetic school 
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Al-Mas‘iidi, ae 97, 101, 106, 
108, 118, 230 
Másüyah, see Masawaih 
Materia medica: guide on, 111; 
Greek authorities on, 191; 
of Dioscorides, 214 
Materialists, al-Ghazzali on, 308 
(quoted) 
Mathematics, 25, 28, 146-67; 
two types of, practiced by Mus- 
lims, 26; 


Sabaeans' knowledge of, 31; 

influence of Indian and Persian 
Sciences on, 31; 

of Illuminationist school, 36; 

of Islam, influence of, on West, 


39; 

of a nic 45, 157—59; 

of Baha> al-Din, 5 7-58; 

in curriculum of institutions of 
higher learning, 

history of, in Islam, 148-52; 

Islamic, ETT of achieve- 
ments of, 152; 

and Brethren of Purity, 152-57 
(quoted); 

of Umar Khayyam, 160-67; 

al-Ghazzali on, 309-11 (quoted) 

Maheo aikoi of Pythagorean 


iia cy Rimi, 352 (quoted) 

Mazdaean angelology, 97 

Al-Mazini, 101 

Meadows of Gold and Mines of 
Precious Stones, of al- 
Mastdi, 48, 101, 106-8 
(quoted) 

Meaning of the Glorious Koran, 
The, an oes: transla- 
tion by Pickthall, 24 

Measles, 204 

Mecca, annual pilgrimage to, 90 

Meccan Revelations, of Ibn «Arabi, 
see Futühat al-makkiyah 

Mechanica, of Archimedes, 139 

Mechanics: science of, 15, 315; 

studies of, 138, 139 

Medical encyclopedias, 212, 215, 
217, 218 

Medical History of Persia and the 
Eastern Caliphate, of C. E. 
Elgood, 190n., 205n., 214n. 

Medicine of Dara "Shuküh, The, of 


of Illuminationist school, 36; 
Rhazes' contribution to, 46, 196- 


Avicenna’s contribution to, 49, 
51, 56, 196, 209-12; 
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science of, 63; 

study of physiology and diseases 
of the eye, 130; 

historical background of, 188- 


95; 
school of Jundishapur, 188-90 
Alexandrian school, 191; 
medicine of the Prophet, 192-93; 
translators, and beginnings of 
Islamic medicine, 193-95; 
during the early centuries, 195— 


So for medical student, 

in Egypt and Syria, after Avi- 
. cenna, 212-14; 

in Spain and the Maghrib, after 
Avicenna, 214-16; 

in Persia and India, after Avi- 
‘eenna, 216-19; 

authorities on history of, 217; 

philosophy and theory of, 219- 


numerical and astrological sym- 

bolism in, 224 

Medicine of the Prophet (fibb al- 
nabi), 192-93 

Meier, F., 3497. 

Memorial of Astronomy, of al- 
Tūsī, 172 

Meningitis, 211 

Mercury, al-Birünl's description of 
motion of, 179-81 (quoted, 
figure) i 

Mercury, use of, as purgative, 207 

Mesue Junior, 194, 215 

Mesue Senior, see Ibn Masawaih 

Metallurgy, in ancient times, 243 

Metaphysical beings, 78 

Metaphysical doctrines of Islam, 

5 


Metaphysical emphasis of Illumi- 
nationists, 36 
Metaphysical intuition, 28 
Metaphysical significance of unity 
and multiplicity, 155-57 
Metaphysics, of Aristotle, 47, 54 
Metaphysics: Hermetic-Pythago- 
rean school of, 32; 
Islamic, influence of, on the 
West, 39; 
sciences of, 61-62, 63; 
theoretical aspect of Islamic, 349 
Meteorology, of Aristotle, 128 
Meyerhof, M., 1187. 
Microcosmic view of cosmology, 


Middle East, spread of Islam over, 
Mieli, A., 140 


INDEX 


Miftah al-hisab, of al-Kashani, 151 

Mikna, 195 

ALMilal wal-nihal, see “Nations 
and Their Beliefs” 

Mineralogy, 61, 109, 110, 112, 113, 
11 


Minerals, use of, by alchemists, 257 
Mir Damad, 113 
Miracles, 35 
Mirrors, curved, studies on, 128, 
129, 130-32 
Mirsad al-ibad (The Path of the 
Worshippers), of al-Razi, 340 
Mirza Muhammad Kazvini, as 
translator, 344n. 
Mont invasion, 32, 90, 150, 217, 
3 
Monophysites, 30 
Moody, E. A., 315 
Mosque, as place for teaching, 65- 
66, 90 
Motion: impetus theory of, 126, 
138, 314, 315; 
of the earth, 137-38, 170, 174; 
Aristotelian theory of, 138, 314; 
of heavenly bodies, science of, 
147, 148; 
of planets, 172, 174, 175, 179-81 
Mudarris (professor), of the ma- 
dàris, 72 
Muhammad Akbar Shah Arzünl, 
see Arzani 
Muhammad al-‘Ashiq, see Al- 
-  tAshiq 
Muhammad al-Bāqillānī, 35, 127, - 


3 . 
Muhammad al-Fazari, see Al- 
Fazari 
Muhammad Husaini Nirbakhshi, 
see Nirbakhshi 
Muhammad ibn Ahmad Ilyas, see 
Ilyas 
Muhammad ibn Misa al-Khwa- 
razmi, see Al-Khwarazmi _ 
Muhammad ibn Zakariya al-Razi, 
see Rhazes 
Muhammad, Prophet: revelation 
brought by, 22, 65, 346; 
journey of, from Mecca to Me- 
dina, and beginning of Islam, 
29; 
on inspirations from God, 34 
(quoted); 
“The Clot,” as first verses Te 
vealed to, 64-65; M 
emphasis of, on acquisition of 
knowledge, 65; 
as the Logos, 346, 347; 
prayer of, 353 (quoted) 
Mubammad al-Tüsi, 97 


Index 


Muhammad's People, of Schroe- 
der, 223n., 2287. | 

Mubyi al-Din ibn <Arabi, see Ibn 
‘Arabi 


Mubyi al-Din al-Maghribi, see Al- 
Maghribi 
Mutd ou master), of the ma- 


ris, 
Mule (baghl), 121 
ulla «Ali Muhammad Isfahini, 


Mulla Muhammad Bagir Yazdi, 
See Yazdi 

Mulla Sadri, 36, 71, 73, 95, 294, 
315, 335-36 

Multiplicity: man as livi in, 25; 


ving 
and unity, 25, 154-57, 34 
Mugadiimah, of Ibn Khaldün, 57, 


62, 64n. 
Murad III, Sultan, 88 
een raa, 296 
ugannafat, of al-Kashani, 296n. 
M medieval theoreticians of, 


science of, 61, 63, 75; 
treatises on, 147; 
Arabic, 150; 
Persian, 150; 
Jübir on harmony of the World 
Soul related to, 262 (quoted) 
Muslim Contributions to Geogra- 
phy, of N. Ahmad, 98n. 
uslim, meaning of term, 23 
Muslim revelation, see Revelation, 


amic 
Mid oar ok 98, 100~1, 102, 


Al-Mutanabbi, 187 

Mutazilites, 305 

Al-Muwaffaq, 215 

Mystic Rose Garden, The, of 
Mahmüd Shabistari, see Gul- 
Shan-i Ràz 

uso relation of alchemy to, 


Mystics: Rhenish, 307; 
in England, 316 
Mythology, use Of, by gnosis in 
Alexandrian world, 26 


Nabataean Agriculture, of Ibn 
Wahshiyah, 109, 111 

Al-Nabati, 113 

-Nadirshah, 219 

N@ib (substitute professor), of 
the madaris, 72 

Al-Nairizi (Anaritius), 170 

Najaf, Shiite center of learning in, 
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Pom rp Dabiran al-Qazwinl, 


Najm al-Din al-Razi, 340 

Nallino, C. A., 170, 1837. 

Napier, John, 151 

Naples, national museum of, 139 

Naràqi family, of Kashan, 151 

Narrators, in mosques, 65 

Nasafi, 341, 349-51 (quoted, 

Nasir al-Din al-Tüsi, see Al-Tusi 

Nasir-i Khusrau, 101 f 

Nasirean Ethics, of al-Tüsi, 55 

Nasnüs, see Ape-man 

Nasr, S. H., as translator, 34n., 
96n., 136n, 157n, 204n, 
342n., 344n., 345n., 347n. 

"Nations and Their Beliefs" (al- 
Milal wal-nihal), 230 

Natural history, 108-25; 

topics included in study of, 

108-9; 


categories of works on, 109-10; 
Greek texts on, 110 
Naturalists, al-Ghazzali ort, 308-9 
(quoted) 
Nature: unity of, 22, 25, 30; 
as a fabric of symbols, 24; 
sciences of, 27, 36, 37, 39, 61, 
63, 336, 341; 
Laws of, 35; 
Philosophy of, 38, 43, 249, 258, 
305, 306; 


Muslim scientists’ framework for 
study of, 94; 
Shiite conception of, 296; 
as the “breath of the Compas- 
sionate,” 344 
Natures of Animals, The, of al- 
Marwazi, 112 
turp AN PAM, German school 
o 


Al-Naubakht, 80 

Neo-Hippocratism, 219 

Neoplatonists, 30, 35, 36, 70, 293, 
297, 307, 317 

Neopythagoreans, 70, 72, 293, 316 

Nestorians, 30-31 

Newton, Sir Isaac, 29, 129, 245 

Nicephorus, 244 

Nicholson, R. A., 340n, 347n, 
348n., 352n. 

Nicomachus, 149 

Nile floods, controlling of, 50 

Nisibis, 30 

Nizam al-Mulk, 71 

Nizami-i -Arüdr, 185, 1867., 197, 
200n., 209n., 210 (quoted) 

Nizamiyah University, 52 

Nowra! things, knowledge 
ot, 
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Nonb. AA Muslim conqueror 
ot, 25; 
spread of Islam over, 30; 
Ibn Khaldün's history of, 57; 
method of child instruction in, 


madaris (colleges) in, 71 
Note-Book of the Oculists, of «Alt 
ibn sa, 213 
rris of all beings, 306, 


creation as element of, 338 
Notions, of al Tüsi, see Tasaw- 
wurat 
Numbers: science of, 26, 31, 111, 
147, 152, 153-54, 316; 
Pythagorean philosophy of, 26, 
111, 146; 
and magnitudes, 74-75; 
meaning of, 153 
Numerical symbolism of Ismaili 
doctrines, 37, 295 
Nürbakhshi, 218 
Nüri hospital, of Damascus, 89 


Observatories, 80-88, 91; 
geographic measurements car- 
ried out in, 99 
Observatory in Islam, The, of 
Sayili, 81, 887. 
Occasionalists, 35 
Occult Propeatics of things, 110, 


Oceanography, 103 

Oceanography, of Sidi <Ali, 103 

Olivi, Peter, 315 

Olympiodorus, 243 

Omar, see Umar 

On the Harmony between Philoso- 
phy and Religion, of Averroes, 


On the Highest Understanding of 
the Knowledge of the Spheres, 
of al-Shirazi, 99 

On Interpretation, of Aristotle, 60 

On the Lifting of Heavy Things, 
of Heron, 139 

On Mineralogy, of Avicenna, .112 

On the Science of Stars, of al- 
Battani, see De scientia stel- 


: . larum 

On Sophistic Refutations, of Aris- 
totle, 61 

On the Soul, of Aristotle, see De 


Anima 
Ophthalmology, 193, 212, 214 
Opticae Thesaurus, of azen, 


130 
Optics, of Alhazen, 50, 128, 130 
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Optics, of Euclid, 73, 128 
Optics: science of, 61, 75; 
studies of, 127, 128-32 
Opus Maximum, of Ptolemy, 29 
Oratory, definition of, 61 


` Organon, of Aristotle, 47 


Orient, Avicenna’s description of, 
302-4 (quoted) 

Oriental neo-Pythagoreanism, | 37 

Oriental sciences, influence of, on 
Islamic sciences, 31, 32 

Ox (baqar), 121-22 


Pandects, of Ahrün, 194 

Paracelsus, as alchemist, 244 

Paradise of Wisdom (Firdaus al- 
hikmah), of al-Tabari, 196 

Paris Mosque, 22 

Path, as basic dimension of Islam, 


28, 32 
Path of the Worshippers, The, of 
al Ràzi, see Mirsad al-ibad 
Pathology, 196 . 
Paul of Aegina, 191, 214 
Pendulum, isometric oscillatory 
motion of, 171 
Perfect Sermon, alchemical text, 


244 s 
Perfection of the Art, The, of Haly 
bas, see Kamil al-giná«ah 
Peripatetic (mashsha»1) school of 
philosophy, 35, 36, 44, 46, 49, 
52, 126, 133, 176, 177, 293-94, 
303, 308, 317, 321, 328, 329, 


influence of, on the West, 38; 
Al-Kindi, as founder of, 44; 
in Andalusia, 313 
Persia: sciences of, 30, 31; 
spread of Greek learning to, 31; 
influence of sciences of, on 
lamic sciences, 31; 
Islamic philosophy in, 73; 
Islamic medicine in, 216-19 
Persian calendar, see Jalali calen- 


-dar 
Persian encyclopedia, 62 
Persian garden, 112, 125 7 
Persian geographical treatise, 101 
Perzoes, 189 
Phaedrus, of Plato, 313 
Pharmacology, 188, 196, 207, 215, 
216, 218, 228 
Pharmacopoeia Persica, of Fr. AS- 
gelus, 218 i 
Pharmacopoeorum evangelista, 
Mesue Junior as, 194 
Philo, 109 i 4 
Philoponus, Jobn, 126, 191, 31 
Philosophers and learned men, es 


Index 


rv c after knowledge, 33, 
Philosophus Autodidactus, of Ibn 
Tufail, 31 


6 
nic x REUS 33-38, 63, 72- 
i cir of "thought i in, 35-38, 


3-94; 
of Avioenne, 296-303 (quoted), 
controversies of theology and, 
of Averroes, 317-21 (quoted), 
322; 


of al-Tüsi, 3218 (quoted); 
of Suhrawardi, 328-35 
(quoted); 
in Persia, 335-36; 
see also Illuminationist school; 
Peripatetic school 
Physical or terrestrial domain, 
TCU WS by man (ndasiit), 
Physician, role of, in Islamic medi- 
185-86 


cine, 
Physics, 61, 63, 126-45; 
framework of Muslim study of, 


6-27; 
basic elements of, 126-27; 
theol conception of, 126- 


27; 
of- Alhazen, 128-32 (quoted); 
of al-Birüni, 133-38 (quoted); 
of al-Khazini, 138-45 (quoted); 
al-Ghazzali on, 311-12 
(quoted); 
philosophical aspect of, 314; 
of Avempace, 314-16 
Physics, of Aristotle, 54, 315 
Physiognomy, treatise on, 110 
Physiology, 220-23 
Pi in determination of value of, 


Picatrix, of al-Majriti, 51 

Pickthall, s iotenmed Marma- 
duke, 24n 

Pilgrimage, annual, to Mecca, 90 
9 ^ 

Piri Rais, 103 

Pisan Dialogue, of Galileo, 314, 315 

Planets: symbolism 

v of, 172, 174, 175, 179- 


distance and size of, 182-83 
(table) 
Planisphaerium, of Ptolemy, 171 
Plants: science of, 61; 
works on, 112, 113, 116, 215; 
m of, at Stages of growth, 
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as poisons, Ta on, 116; 
see also Botan: 


Plato, 25, 268, 294, 313, 338 


Pleasures’ of Men and Delights of 
Souls, of al-Idrisi, 102 
Beer: , Martin, 283 


Pliny, 1 

“Pliny of the Arabs,” 97 

Plotinus, 126 

Poetics, of aono. 61 

Poetry: study of, 6 
about medical S. 186, 187; 
of Sa:di, 230 

Poisons, plants nd minerals as, 

studies on, 

Political philosophy 47, 313 

Political science, 

Polytheism, 341 

Porphyry, 60 

Poste: system, establishment of, 


Posterior Analytics, of Aristotle, 

Precious Elements of the Sciences, 
by al-Amuli, 62 

Precious stones, literature on, 116 

Pre-Islamic (awail) sciences, 70, 


72, 74 
Hed to Sad, The, of al-Tüslt, 


*Prince of Physicians,” Avicenna 
as, 49, 

Principia, of Newton, 29 

“Problem of Nature in the Esoteric 
Monism of Islam,” of F. 
Meier, 349n. 


Projectile madon, theory of, 138, 
Prolegomena, of Ibn Khaldün, 57 
Pronunciation and speech, 60 
Propaedeutic sciences, 61 
icm The, see "Muhammad, 
ophi 
Propheta: silent: 32, 36; 
transmission of sayings of 
(Hadith), 63 
Psychic manifestation (malaküt), 
the world of, 93 
Psychological shock trea 
case history of, 197-200 
Psychology, 205 . 
Psychosomatic medicine, 205, 211 
Ptolemy, 29, 45, 55, 73, 81, 84, 99, 
128, 130, 147, 168, 169, 111, 
172, 175, 177, 179 
Pulmonary circulation, 213 
Fure pens (ahiit), the world of, 


Purposes of the Philosophers, The, 
of al-Ghazzali, 52 
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Pythagorean doctrines, 34, 259 
Pythagorean philosophy of num- 
bers, 26, 111, 146 l 
Pythagorean-Platonic tradition, 36 
Pythagorean school of Greek sci- 
ences, 31, 34, 147, 179 


Qadizadah, 81, 82, 85-87 

Qāf, see Cosmic mountain 

Qäānūn al-Mas-üdi, of al-Biruni, 
133, 1817. 

Caravan University of Fez, 71, 


Qaysar al-Hanafi, 139 

Al-Qazwini, see Abu Yahya al- 
Qazwini; also Hamdallah al- 
Mustaufi al-Qazwini; also 
Najm al-Din Dabiran al-Qaz- 


wini 
Qil and gal, see Talk and discourse 
Quadrivium, 51, 133; 
subjects of study in, 147 
Quaker movement, 316 
Quanity sciences dealing with, 


ueram of Umar Khayyam, 53, 
1 
Questions, of Hunain ibn Isbaq, 


Quintessence of Experience, The, 
of Nürbakhshi, 218 
Al-Qunawi, 56 
Quran: verses of, as ayat ("signs"), 
24-25; 
the Law, as contained in, 28; 
revelation contained in, 30, 32; 
Arabic as language of, 30; 
symbolic interpretation of, 37; 
transmitted science of, 63; 
“The Clot” Chapter of, 65; 
as sum of all knowledge, 65; 
reciting of, in mosques by nar- 
rators, 65; 
as first and most important sub- 
ject taught to young, 66-67; 
Islamic cosmology derived from, 
92, 95; 
angelology derived from, 97; 
medical questions discussed in 
verses of, 192; 
commentary of al-Razi on, 321 
Qüshchi, <All, 81, 174 
Qusta ibn Lüqa, 149 
Qutb al-Din al-Shirazi, 56, 81, 99, 
127, 130, 172, 173, 174, 217 


Rainbow: discovery of cause of, 
81, 129-30; 
science of the, 130, 139 


INDEX 


Ras@il, of Brethren of Purity, see 
Epistles 

Rashid EDI Fadlallah, see Fadl- 
allà 

Rasüli sultan of Yemen, 113 

Rationalistic philosophy, 27, 52, 
294, 305, 307, 308, 317 

Rationalists, as people of gàál, 90 

Al-Razi, see Fakhr al-Din al-Razi; 
also Najm al-Din al-Razi; also 
Rhazes; also Ahmad al-Razi 

Reason and intellect, hierarchy be- 
tween, 26-27 

Reformation, the, 27 

Refraction, studies on, 128, 129 

Refutation of All Heresies, of Hip- 
polytus, 283-84 

Regime of the Solitary, of Avem- 
pace, 313 

Religious education, 73 

Renaissance, the, 27, 39, 44, 49, 
103, 170, 172, 174, 184, 210, 
284, 307, 315 

Requisite for Arithmetic, The, of 
al-Karakhi, 150 

Resumé of Astronomy, of Alhazen, 
176, 177-78 (quoted) - 

Revelation, Islamic, 21-22, 30, 32, 
63, 65, 305, 330, 346; 

surrender with the will, to the 
sacred law of, 23; 
rationalism independent of, 27 

Revelation of Spiritual Realities, 

The, of Nasafi, see Kashf al- 


qa iq 
Revivification of the Religious Sci- 
ences, The, of al-Ghazzall, 52 
Rhazes, 46, 89, 126, 128, 139, 212; 
in field of medicine, 196-207; 
case histories of his medical 
practice, 196-200 (quoted); 
medical works of, 204-7; 
as  alchemist, 242, 268-78 
(quoted) 
Rhetoric, 62 
Rhetoric, of Aristotle, 61 
Rhinoceros, 118 
Ring d the Dove, of Ibn Hazm, 


31 
Risülah-i wujüd, of ‘Umar Khay- 
yam, 34n. z 
Risalat al-Jàmi«ah, of Ikhwān al- 
Safa, 152, 1537. 
Robert of Chester, 158,159”. 
Robinson Crusoe, Ibn Tufail as 0- 
spiration for story of, 316 . 
Romantics, and “communion” with 
Nature, 24 I 
Rosicrucians, as alchemists, 244 


Index 


Routes and Kingdoms, as name of 
multiple geographical works, 


100, 101 

Royal Book, The, of Haly Abbas, 
see Kitab al-maliki 

Royal eek of medicine, of Rhazes, 
2 


Rubadyàt, of ‘Umar Khayyam, 160 

Rufus of Ephesus, 191 

Rumi, Poet and Mystic, of R. A. 
Nicholson, 352n. 

Rümi, 26, 352 (quoted) 

Ruska, Julius F., 259 


Sebacais, Harran community of, 


Sabziwari, 36 
Back E. C.: as translator, 1147., 
31; 


on al-Birüni, 231-32 (quoted) 
Sacred science of the Muslim three- 
fold articulation of, 28 
Sadaqah ibn Ibrahim al-Sha i 
see Al-Shadhili 
Sacdi, ethical poetry of, 230 
Sadr al-Din al-Qunawi, see Al- 


Qunawi 
Sadr al-Din al-Shirazi, 58 
Safavids, 36, 57, 113, 151, 218; 
educational institutions founded 


by, 71 

Sage’s Step, The, of al-Majriti, 51 

Sahl ibn Abàn, 101 

Saif al-Daulah, 47 

Saladin, 71 

En and Absül, of Avicenna, 
9 


Salvation, of Avicenna, 73 
anaes madrasah (college) of, 
observatory at, 81; 
-Kashani’s description of ac- 
tivities of observatory at, 81- 
87 (quoted) 
Al-Samarqandi, 102 
Sanjari Zij, of al-Khazini, 172 
Sanskrit, translations from, 116, 
148, 169, 217, 218 
Sapientia, Scientia subordinated to, 
27, 144, 174, 337 
Al-Sarakhsi, 100, 149 
‘at, on Indian medicine, 195 
Sarton, G., 170, 171 
Sassanid period in Persia, 168, 189 
Sayili, A., 81, 84n., 88n. 
Scales of Medicine, of Arzüni, 219 
Scholastic theology (Kalam), 305 
hroeder, Eric, 223n., 228n. 
Ces, classification of, see 
Classification of the sciences 
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Scientia, subordinated to sapientia, 
27, 144, 174, 337 

"Second Teacher," al-Farabt as, 47 

Secret of Secrets, of Rhazes, 46, 
269-77 (quoted) 

Secretum Secretorum, 110 

Sédillot, L. Am., 171 

Selections of the Age on the Won- 
ders of Land and Sea, of al- 
Dimashqi, 97 

Seljuqs, rise of, to power, 150 

Serapion Junior, see Ibn Sarábi 

Servetus, Michael, 213 

Seven Climates, of al-Rizi, 103 

Seven climates, of Muslim geog- 
raphy, 99, 106 

Seven earths and seven heavens, of 
the Quran, 95, 99 

Seventy Books, The, of Jabir, 43 

Shabistari, 345 (quoted) 

Al-Shadhili, 214 

Shafit Medicine, 218 

Shah Jahan, 218 

Shah, M. H., 224 n. 

Shahadah of Islam, 341, 346, 347 

Al-Shahristani, 230 

Shaikh al-ishráq, see Suhrawardi 

Shaikh al-rets, see "Leader among 
Wise Men" 

Shakir ibn Misa, 149 

Shammasiyah observatory, 79 

Shams a al-Amuli, see Al- 


1 
Shams al-Din al-Büni, see Al-BünI 
mans al Dia al-Dimashgi, see Al- 


Dimashqi 
Shape of gr Earth, of al-Khwà- 


razmi, 
Shapür I, 31, 188 
Shàpür IT, 189 
Sheep and goats (ghanam), 123-24 
Shia Islam, 22, 33, 36-37, 73, 207, 
258, 305, 307; 
reaction to philosophy, 294-95 
Shihab al-Din al-Suhrawardi, see 
SuhrawardI 
Shiism, 43, 268, 335, 
Ismaili branch of, 33, 34, 36-37, 
55, 295, 322; 
Twelver branch of, 43, 55, 258, 
29 


5 
She educational institutions, 71- 
2: 
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anaes of Indian school, 148, 


of Aryabhata, 169; 
of Brahmagupta, 169 
Sidi <All, 103 
Al-Sijzi, 148, 170 
Simeon, of Antioch, 189 
Al-Simnani, 80, 338 
Simple machines, laws of, 139 
Sindbad the Sailor, legend of, 100 
Sinnaur, see Cat 
Sixteen Treatises, of Galen, 212 
Smallpox, 204, 207 
Snell’s Law of refraction, 129 
Sobhy, G. R., 1187. 
Social ethics, manuals of, 230 
Society, science of, 62 
Solomon, 32 
Song of the Griffin, of Suhrawardi, 
330-35 (quoted) 
Soul: science of the, 28; 
curing of, of disease of ignor- 
ance, 29; 
as instrument of perception, 37; 
treatment of maladies of, 205-6 
Spain: spread of Islam over, 30; 
Islamic medicine in, 212-14 
Spanish garden, 112, 125 
Spanish method of child instruc- 
tion, 67-68, 69 
Speech and pronunciation, 60 
Spies, O. H., as translator, 3357. 
Spiritual forms, theory of, 313 
SPIDEY SUNT of Mulla Sadra, 
5 


Spiritual Physick, of Rhazes, 206-7 
(quoted) 

Splendid book of medicine, of 
Rhazes, 204 

Sprenger, A., as translator, 1087. 

Stapleton, H. E., 259, 270n., 277n. 

Star catalogue, 175 

Statics, science of, 128, 139 

Stephanos, 243 

Stephenson, J., as translator, 125n. 

Studies in. Islamic Mysticism, of 
R. A. Nicholson, 340n., 347n., 
348n. 

Sufficient Book of Simple Drugs, 
The, of Ibn al-Baitar, 216 

Sufficient, of Ibn Hajjaj, 112 

Sufficient, of Rhazes, 204 

Sufficientia, of Avicenna, 49 

Al-Süfi, 60, 170 

Sufism, 28, 32, 35, 36, 37, 42, 47, 
51, 52, 55, 57, 64, 93, 160, 242, 
245, 246, 268, 307, 308, 336, 
341, 344, 352; 

and seeking after knowledge, 33-- 

34, 37-38; 
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influence of, on the West, 38; 
Sufi centers of learning, 90-91 
Suhrawardi, 23, 36, 56, 97, 130, 

294, 297, 328, 336; 
philosophy of, 328-35 (quoted); 
known as Shaikh al-ishráq, 329 
Sulaiman al-Mahri, 103 
Sulaiman the Merchant, 100 
Sulfur-mercury theory of metals, 
116, 252 (figure), 266—671, 277 
Sum of Perfection, of the Latin 
“Geber,” 284 
Sunni Islam, 22, 52, 207, 305, 307; 
curriculum of institutions of 
learning, 72-73; 
reaction to philosophy, 294 
Sunni theology, Asharite school of, 
127, 305, 306, 307 
Supernatural events, 35- 
Surgery, 214 
Al-Suyuti, 109, 113 
Syllogistic-rationalistic school of 
Aristotle followers, 32, 35, 
293, 294 
Syntax, 60 
Syntaxis, of Ptolemy, 29 
Syria, Islamic medicine in, 212-14 
Syriac translations of Greek learn- 
ing, 31, 32, 44, 70 


Al-Tabari, 46, 48, 97, 108, 109, 196, 
230 
Tables of the King, The, see Zij-i 
shahi 


Tahafut al-tahafut (The Incoher- 
ence of the Incoherence), of 
Averroes, 321n. 

Ar ae (The Bird), of Avicenna, 
2 


Tajalli, see Theophany 

Tajrid, of al-Tüsi, see Catharsis 

Talabah, see Knowledge, seeker 
after 

Talk xn discussion (q7! and gal), 


Tamerlane, 56, 71, 81 

Al-Tamimi, 112, 168 

Tantrism, 251, 286 

Tanzil al-arwah (The Descent of 
Spirits), of Nasafi, 349n., 
351n. 

Taoism, 286 

Taqi al-Din, 88 

Tasawwurdt (Notions), of al-Tüsi, 
322-28 (quoted) 

Tashkubrazádah, 62 

Al-tauhid, see Divine Unity 

Teaching system of Islam: role of 
hakim in, 41; 

basis of, 59-64; 


Index 


educational institutions, 64-69; 
institutions of higher learning, 
69-79; 
observatories, 80-88; 
hospitals, 89; 
Sufi centers of learning, 90-91 
Technology, influence of China on, 


32 

Teilhard de Chardin, Pierre, 94- 
95, 336 

Terrestrial or physical domain, 
dominated by man (nüàsüt), 


93, 94 

Tetrabiblos, of Ptolemy, 169 

Texi of the Final Inquiry in 
Amending the Elements, of 
Ibn al-Shatir, 173 

Thabit ibn Qurrah, 32, 44-45, 70, 
139, 149, 170, 176, 195, 212 

Theban Papyrus, 244 


Theists, al-Ghazzali on, 309 
(quoted) 
Theologians: as seekers after 


knowledge, 33, 35; 
conception of physics of, 126-27 
Theology: Muslim, influence of 
Aristotelian philosophy on, 32; 
as transmittéd science, 64; 
Islamic schools of, 305—7: 
controversies of philosophy and, 
305-7 
Theon, 128 
Theophany (tajalli), 338, 345, 347 
"Theophrastus, 102, 110, 116 
Theoretical perfection, 79 
phy, 126, 294, 335 
Theosophy of the Orient of Light, 
of Suhrawardi, see Hikmat al- 


aig 

Thomas, St., 49, 54, 308, 315, 335 

Thomism, 249-50, 307 

Thousand and One Nights, 100 

Three Treatises on Mysticism, of 
Suhrawardi, 335n. 

Throne verse of the Quran, 95 

,, (quoted) 

Tibb al-nabi, see Medicine of the 
Prophet 

AI-Tifashi, 113 

Toledan Zij, of al-Zarqali, 80, 171- 


Toledo, observatory in, 80 
ool-making, science of, 61 

Topics, of Aristotle, 60 
ranslators: of ^ mathematical 

works, 149; . 

of Greek astronomical texts, 169; 
of medical texts, 193-95; 
of alchemical texts, 244 
Tansmitted Sciences, 63-64 


Ee 
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Transoxiana, 30, 182 

Travels in Asia and Africa, of Ibn 
Battütah, 241n. 

Treasury, of Daiid al-Antaki, 

Treasury Dedicated to the King of 
Khwárazm, of al-Jurjani, 216 

Treasury, of Thabit ibn Qurrah, 
195, 212 

Treatise on the Classification of the 
Intellectual Sciences, of Avi- 
cenna, 62 

Treatise on Smallpox and Measles, 

he, of Rhazes, 46 

Trepidation, theory of, 45, 170 

Trigonometry, 26, 73, 148, 152, 171 

Truth: as basic dimension of Islam, 
28, 32; 

knowledge of, 62 
Turba Philosophorum, of Greek 
l philosophers, on alchemy, 244, 


Turks: „geographical studies of, 
0 . 


sea voyages of, 103 
Al-Tüsi, 54-56, 73, 81, 130, 150, 
152, 172, 173, 177, 217, 295, 


296; 
philosophy of 321-28 (quoted); 
see also Muhammad al-Tüsi 
Tüsi couple, 172-73 (figure) 
Twelver Shiism, 43, 55, 258, 295 
Twilight, phenomena of, 129 


Ujjain, observatory in, 88 
Ulugh Beg, 81, 170, 174, 175 
‘Umar Khayyam, 29, 33-39, 52-53, 
80, 139, 150; 
mathematics of, 160—67 
*Umar, second caliph, 65 
Umayyad period, 89, 194 
Unity: idea of, arts and sciences in 
Islam based on, 21-22, 25, 59; 
Divine, 22, 25, 26, 341; 
of Nature, 22, 25, 30; 
of the Divine Principle, 22, 26, 
41; 
doctrine, as basic to Muslim 
creed, 23; 
negation, as expression of, 25; 
and multiplicity, 25, 154—57, 347; 
of Being, 337-53; 
of witness, 338 
Universal Intellect, the world of, 
93, 338 
Universal Man (al-insán al-kámil), 
37, 93, 340-41, 347-49 
Universal Man, of al-Jili, 341-42 
(quoted), 347 (quoted) 
Universal Nature, 346 
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Universe: Bs the one concrete re- 
ality, 2 5; 
science of the, 28; 

Avicenna on, 300-2 (quoted) 
Unknown Work of ai-Rüzi, An, 
of U. I. Karimov, 271n. 

Upanishad, 218 
Uqbah, 23 
Uses of Animals, of Ibn al-Durai- 


113 
Uthman ibn al-Suwaid, see Ibn al- 
Suwaid 


Valerian, 31, 188 

Valuation of Countries, of Abwl- 
Fida’, 102 

Van den Bergh, S., as translator, 


321 
Vedar, 218, 246 
Vehaz-Andev-i Shápür, as name of 
Jundishapur, 188 
Veins, Rhazes quoted on, 200-1 
Vestigia Dei, 110 
Veterinary medicine, 217 
Villain, Abbé, 286 
Vis medicatrix naturae, 220 
Vision, studies of problem of, 130, 


Visionary Narratives, of Avicenna, 
. 297, 299-304 (quoted) 
Vital spirit of the body, origin and 
function of, 225-28 
Vocabulary of Drugs, of *Ain al- 
Mulk, 218 
Von Mehren, A. F., 97 


Wahdat al-wujüd (unity of Being), 
- School of, 338, 342 

Walid ibn *Abd al-Malik, 89 

Water-systems in Spain, 112 

‘Water wheel, mechanics of, 139 

Way of purification of Sufis, 33-34, 


Weights: science of, 61, 75; 
specific, determination of, 140— 


West: intellectual leadership in, 28; 

acceptance of Pythagorean doc- 
trines by, 34; 

influence of Averroes on philos- 
ophy of, 35; 

influence of Islamic schools of 
thought on, 38, 39; 

Muslims as transmitters of 
Greek learning to, 39; 

development of science of Na- 
ture in, 39 


INDEX 


Whinfield, E. H., as translator, 
344n., 345n. 

Whooping cough, 218 

Wiedemann, E., 140n. 

William of Auvergne, 298 

Windmill, 101 

Winter, H. J. J„ as translator, 
132n., 167n. 

Wisdom of the Indians, of Bur- 
züyah, 189 

Witelo, 50, 128 

Witness, unity of, 338 

Wolfson, H. A., 54 

Wonders of Creation, The, of Abt 

Yahya al-Qazwini, 97, 109, 113 

World Soul, of the alchemist, 257, 

258, 262 


Yahya, the Barmakid, 195 

Yahya ibn ‘Adi, 47 

Yacqiib ibn Tariq, see Ibn Tariq 

Al-Yaqiibi, 48, 100 

Yāqüŭt al-Hamawi, 102, 103, 108 

Yazdi, 151 

Yuhanna ibn Masawaih, see Ibn 
Masawaih 


Al-Zahrawi (Albucasis), 51, 214 

Al-Zamakhshari, 101 

Al-Zarqali (Arzachel), 80, 171 

Zawiyah, as institution of learning, 
90 


Zij: definition of, 80n. 
Toledan, of al-Zarqalt, 80, 171- 


Ikhinid, 81, 172; 

compilation ‘of, 148; 

of al-Fazari, 169; 

of al-Khwárazmi, 169, 171; 

of Ulugh Beg, 170; 

of Ibn Yünus, 170, 171 

Ziji shahi (The Tables of the 

King), of pre-Islamic Persia, 
168 


Zodiac, 250 
Zoological Section of the Nu- 
zhatu-i-Quiub, The, translated 
by J. Stephenson, 125n. 
Zoology: influence of Indian and 
Persian sciences on, 31; 
from scientific and theological 
standpoint, 109; 
treatises on, 110, 111, 112, 113; 
text combined with philology 
and popular medicine, 118-19 
Zoroastrianism, 36, 189, 208, 328 
Zosimus, 244 
Al-Zuhri, of Granada, 101 
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